
STUDY o f  "7i:,ACKIirx CUT"

U.'l ' t h  T?xr)prir.'ir n t3  Pc r f o m cci on Si n g l e - t e s t e r  A ero ;

■1 / •  J .  T  '*  * • /. ]  > / ’»•••  * '  ~
W • ___• •  «  ~  » ___________________

l f n e s



ProQuest Number: 13905536

All rights reserved

INFORMATION TO ALL USERS 
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a com p le te  manuscript 
and there are missing pages, these will be noted. Also, if material had to be removed,

a note will indicate the deletion.

uest.
ProQuest 13905536

Published by ProQuest LLC(2019). Copyright of the Dissertation is held by the Author.

All rights reserved.
This work is protected against unauthorized copying under Title 17, United States C ode

Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway 

P.O. Box 1346 
Ann Arbor, Ml 48106- 1346



"BLACKING OUT"

INTRODUCTION

"B lac k in g  Out" m ight be d e f in e d  as  t h e  "B lind  Spot o f  A v i a to r s " .

I t  i s  a  c o n d i t i o n ,  b ro u g h t  on by a g r e a t  i n c r e a s e  i n  a c c e l e r a t i o n  and 

c h a r a c t e r i s e d  by sudden and c o m p le te  b l i n d n e s s .  The symptoms a r e  

e x p e r ie n c e d  d u r in g  a  r a p i d  change o f  d i r e c t i o n  i n  e i t h e r  t h e  h o r i z o n t a l  

o r  t h e  v e r t i c a l  p l a n e .  The b l i n d n e s s  i s  a p p a r e n t l y  t r a n s i e n t  and l a s t s  

o n ly  f o r  a few se c o n d s .  During t h e s e  few se co n d s  how ever, t h e  a v i a t o r  

i s  a t  a v e ry  g r e a t  d i s a d v a n t a g e ,  b e in g  u n a b le  t o  see  a n y th in g  a l th o u g h  

he r e t a i n s  t h e  f u l l  u s e  o f  a l l  h i s  o t h e r  s e n s e s .

The im p o r ta n c e  o f  t h i s  c o n d i t i o n  w i l l  be  im m e d ia te ly  r e c o g n i s e d .

D uring t h e  l a s t  tw e n ty  y e a r s ,  a v i a t i o n  h a s  deve loped  a t  a  v e ry  r a p i d  pace  

and a l r e a d y  i s  i n  a  p o s i t i o n  t o  c h a l l e n g e  s e r i o u s l y  o t h e r  m ethods o f  t r a n s i t .  

I t s  im p o r ta n c e  i n  b o th  c i v i l  and m i l i t a r y  s p h e re s  c a n n o t  be o v e r - e s t im a te d  

b u t  i f  a v i a t i o n  i s  t o  p r o g r e s s  f u r t h e r  e v e ry  p o s s i b l e  l i m i t a t i o n  must be 

i n v e s t i g a t e d  and e v e ry  avenue e x p lo re d  t o  make i t  a s  s a f e  as  i s  humanly 

p o s s i b l e .  F o r  y e a r s  t h i s  h a s  been  t h e  aim o f  t h e  e n g in e e r s  and d e s i g n e r s ,  

and i n  t h i s  t h e y  have been  s u c c e s s f u l .  Today, t h e  a e r o p l a n e ,  a s  a  m aohine, 

e q u a ls  t h e  s h i p ,  t h e  r a i lw a y  t r a i n  and t h e  m otor c a r .

But t h e  f u t u r e  o f  a v i a t i o n  d o e s  n o t  depend on t h e  machine a lo n e .

Much w i l l  depend on t h e  p i l o t  c o n t r o l l i n g  t h e  m e c h a n ic a l  s t r u c t u r e .  I s  

t h i s  v e ry  e s s e n t i a l  f a c t o r  w i th o u t  b lem ish ?  C e r t a i n l y  a t  t h e  p r e s e n t
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t im e ,  e v e ry  p o s s i b l e  c a r e  i s  t a k e n  t o  e n s u re  t h a t  t h e s e  men and women a r e  

i n  p e r f e c t  h e a l t h .  C o n s ta n t  w a tch  i s  k e p t  on t h e i r  work and by m ed ic a l  

e x a m in a t io n  a t  f r e q u e n t  i n t e r v a l s ,  t h e i r  g e n e r a l  h e a l t h  i s  c l o s e l y  o b s e rv e d .  

Even t h e  p r e s e n c e  o f  a common co ld  i s  s u f f i c i e n t  t o  d e b a r  a  p i l o t  from 

f l y i n g  u n t i l  he  i s  once a g a in  p h y s i c a l l y  f i t .

But t h i s  i s  n o t  enough. S in c e  t h e  w a r ,  t h e  speed  o f  t h e  a e ro p la n e  

h a s  b e e n  g r e a t l y  i n c r e a s e d  and i t s  c o n s t r u c t i o n  so improved t h a t  now i t  i s  

a b l e  t o  r e s i s t  g r e a t  s t r e s s  and s t r a i n .  But b e c a u se  o f  h i s  p h y s i o l o g i c a l  

l i m i t a t i o n s  t h e  p i l o t  i s  u n a b le  t o  make f u l l  u s e  o f  t h i s  e f f i c i e n c y .  In  

o t h e r  w ords t h e  e f f i c i e n c y  o f  t h e  m achine i s  now g r e a t e r  t h a n  t h a t  o f  t h e  

p i l o t  c o n t r o l l i n g  i t .  As an example o f  t h i s  I  need o n ly  m en tion  t h e  

r e c e n t  h ig h  a l t i t u d e  r e c o r d  a t t e m p t s .  I n  t h e s e  a t t e m p t s  s c i e n t i f i c  

a p p l i a n c e s  had t o  be used  t o  e n a b le  t h e  p i l o t  t o  r e a c h  t h e  h e i g h t s  a t t a i n a b l e  

by t h e  m ach ine . A no ther  example i s  t h e  n o t  t o o  d i s t a n t  S c h n e id e r  Trophy 

h ig h  speed r a c e s .  D uring t h e s e  r a c e s  i t  was found  t h a t  t h e  p la n e s  were 

c a p a b le  o f  t u r n i n g  a t  h ig h  s p e e d s  w i t h i n  a  s m a l l  c i r c l e .  No b e n e f i t  was 

d e r iv e d  from  t h i s ,  how ever, a s  t h e  t im e  t h u s  g a in e d  was l o s t  a g a in  by t h e  

p i l o t  i n  r e c o v e r in g  from t h e  e f f e c t s  o f  t h e  m anoeuvre.

The a e r o p la n e  d e s i g n e r s  a r e  c a p a b le ,  we a r e  t o l d ,  o f  i n c r e a s i n g  

s t i l l  f u r t h e r  t h e  m ac h in es '  e f f i c i e n c y .  But what p r a c t i c a l  b e n e f i t  can 

be  o b ta in e d  i f  f u l l  u s e  c a n n o t  be made o f  t h a t  i n c r e a s e d  e f f i c i e n c y .

And i t  i s  o f  v i t a l  im p o r ta n c e  t h a t  t h e  e f f i c i e n c y ,  n o t  o n ly  be i n c r e a s e d ,  

b u t  t h a t  i t  be used  t o  i t s  f u l l e s t  e x t e n t .  We a r e  a l l  now o n ly  t o o  w e l l  

aware t h a t  t h i s  c o u n t r y  must depend , f o r  i t s  d e fe n c e ,  on a  l a r g e  and
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e f f i c i e n t  A ir  F o r c e .  We may e a s i l y  i n c r e a s e  i t s  s i z e  b u t  we cannot 

i n c r e a s e  i t s  e f f i c i e n c y  u n t i l  we have e l i m i n a te d  t h e  p h y s i o l o g i c a l  

l i m i t a t i o n s  o f  t h e  p i l o t .

I n  t h e  r e a lm s  o f  commerce t h e  a d v a n ta g e s  o f  h ig h  speed  f l y i n g  

may n o t ,  a t  p r e s e n t ,  be  so o b v io u s .  But i f  a v i a t i o n  i s  t o  advance , and 

i t  i s  s u r e  t o  ad v a n ce ,  h ig h  speed  f l y i n g  w i l l  have  t o  be t a k e n  i n to  

a c c o u n t .  A lrea d y  s t r a t o s p h e r e  f l y i n g  i s  t a k i n g  shape  i n  t h e  minds o f  

i n v e n t o r s  and i n  t h i s  speed  must p la y  i t s  p a r t .  We must be p r e p a r e d  f o r  

t h a t .  We must i n c r e a s e  t h e  e f f i c i e n c y  o f  t h e  p i l o t  and t o  do t h a t  we 

m ust ,  a s  soon a s  p o s s i b l e ,  e n s u re  t h a t  h e  does  n o t  "B lack  O u t" .

Ify f i r s t  e x p e r i e n c e  o f  "B la c k in g  Out" o c c u r re d  a b o u t  t h r e e  y e a r s  

ago when, f l y i n g  a s  a  p a s s e n g e r ,  I  b la c k e d  o u t  a s  t h e  m achine was p u l le d  

o u t  o f  a  d i v e .  The p i l o t  a f t e r w a r d s  e x p la in e d  t o  me t h a t  he  t o o  had 

b la c k e d  o u t  a t  t h e  same t im e  b u t  t h a t  i t  was n o th in g  t o  w o rry  ab o u t  a s  t h e  

e f f e c t  was o n ly  m omentary. I t  was n o t  u n t i l  some t im e  l a t e r  t h a t  I  r e a l l y  

became aw are  o f  t h e  r e a l  im p o r ta n c e  o f  t h e  c o n d i t i o n  and d e c id e d  t o  

i n v e s t i g a t e  t h e  r e a s o n  f o r  i t .

I n  t h e  summer o f  1936 I  was w a tc h in g  s e v e r a l  f i g h t e r  m achines 

p r a c t i s i n g  a t t a c k s  on a n o th e r  a i r c r a f t  when I  n o t i c e d  t h a t  one o f  t h e  

m ach ines  a l l  b u t  c o l l i d e d  w i th  i t s  n e ig h b o u r .  Only prompt a c t i o n  on t h e  

p a r t  o f  t h e  second  p i l o t  a v e r t e d  an a c c i d e n t  b u t  b o th  m achines l o s t  

t h e i r  chance  o f  a n  a t t a c k .  The p i l o t  a f t e r w a r d s  t o l d  me t h a t  he  had 

b la c k e d  o u t  d u r in g  t h e  t u r n .  I t  was n o t  a  u s u a l  o c c u r r e n c e  w i th  him, 

he s a i d ,  b u t  on t h a t  day  he had been  f l y i n g  f o r  some t im e  and was t i r e d .
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He had t h e r e f o r e  t u r n e d  more s h a r p l y  t h a n  he had in te n d e d  t o  do.

The i n c i d e n t  how ever, im pressed  me w i th  t h e  im p o r ta n c e  o f  b la c k in g  

o u t  from  a  m i l i t a r y  p o i n t  o f  v ie w .  I f  a  p i l o t  o f  a  f a s t  m achine must 

keep  h i s  a t t e n t i o n  fo c u s s e d  on t h e  r a t e  o f  h i s  t u r n  i n  o r d e r  t o  keep  from 

b la c k i n g  o u t ,  what would happen i n  a c t u a l  w a r f a r e ?  S u re ly  u n d e r  t h e  

c o n d i t i o n s  o f  a c t i v e  s e r v i c e  t h e  p i l o t s  would be t o o  en g ro sse d  i n  t h e  

a c t u a l  f i g h t  t o  remember such  d e t a i l s .  B e s id e s  t h e  p i l o t  who cou ld  t u r n  

q u i c k e s t  and f l y  f a s t e s t  would s u r e l y  have  t h e  ad v a n ta g e  w hereas  t o  b lac k  

o u t  would be f a t a l .  To me t h e  q u e s t i o n  seemed a  s e r i o u s  o ne . I  began 

my i n v e s t i g a t i o n  t h a t  v e ry  e v e n in g .

I n  t h i s  I  was f o r t u n a t e  i n  b e in g  t h e  m e d ic a l  o f f i c e r  i n  c h a rg e  o f  

a  s t a t i o n  on w hich  t h e r e  w ere  s e v e r a l  f i g h t e r  s q u a d ro n s .  At t h e  same t im e ,

I  was u n f o r t u n a t e ,  a s  w i l l  be seen  l a t e r ,  i n  t h a t  t h e  m ach ines  w ere  a l l  

s i n g l e - s e a t e r s .  Almost im m e d ia te ly ,  how ever, I  found my f i r s t  d i f f i c u l t y .  

The p i l o t s  seemed e x tr e m e ly  r e t i c e n t  on t h e  s u b j e c t  and i n  a lm o s t  e v e ry  case  

d e n ie d  t h a t  th e y  had e v e r  b la c k e d  o u t .  On im p r e s s in g  them  t h a t  I  was not 

t r y i n g  t o  l i m i t  t h e i r  f l y i n g  b u t  was r e a l l y  t r y i n g  t o  make some i n v e s t i g a 

t i o n s  on t h e  s u b j e c t  t h e y  a l l  endeevoured  t o  h e lp  me. They seemed a n x io u s ,  

n o t  o n ly  t o  d i s c u s s  t h e  s u b j e c t  b u t  o f f e r e d  t o  p e rfo rm  any ex p e r im en t  I  

th o u g h t  would be o f  v a lu e .  A l l  t h e  p i l o t s ,  i r r e s p e c t i v e  o f  a g e ,  had b lacked  

out and cou ld  do so a t  w i l l .  T here  w ere  ab o u t  f i f t y  p i l o t s ,  t h e i r  ages  

r a n g in g  from  19 t o  35 y e a r s  o f  a g e .  Each was i n t e r r o g a t e d  and h i s  s to r y  

n o t e d .  A l l  w ere  m e d ic a l ly  examined i n  a c c o rd a n c e  w i th  t h e  s t a n d a r d s  f o r  

f i t n e s s  f o r  p i l o t i n g  d u t i e s  end t h e  r e s u l t s  o f  t h e s e  e x a m in a t io n s  com pared.
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L a s t l y  p r a c t i c a l  e x p e r im e n ts  w ere  c a r r i e d  o u t .  Owing t o  t h e  dangerous  

n a t u r e  o f  t h e  e x p e r im e n ts  and t o  t h e  e x ig e n c ie s  o f  t h e  S e r v ic e ,  t h e  

i n v e s t i g a t i o n  h a s  t a k e n  a p p ro x im a te ly  e ig h t e e n  m onths .
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HiYSIOLOGY

S in ce  t h e  dom inant f e a t u r e  o f  "B lack ing  Out" i s  l o s s  o f  v i s i o n  

i t  w i l l  be  c o n v e n ie n t  to  c o n s i d e r ,  f i r s t  o f  a l l ,  t h e  eye i t s e l f .

Anatomy o f  t h e  E ve .

The e y e - b a l l  i s  a  s p h e r e ,  t h e  g r e a t e r  p a r t  o f  whose e x t e r n a l  s u r f a c e  

i s  formed by  a  w h i t e  membrane c a l l e d  t h e  S c l e r a .  I n  f r o n t ,  t h i s  w h i te  

membrane i s  r e p l a c e d  by a  t r a n s p a r e n t  s t r u c t u r e ,  t h e  C o rnea .  A t tac h e d  to  

t h e  e y e - b a l l  b eh in d  and s l i g h t l y  t o  t h e  i n n e r  s i d e  i s  t h e  O p t ic  N erve .

L in in g  t h e  S c l e r a  i t s e l f  i s  a  v a s c u l a r  p igm ented  c o a t  w h ich  i s  te rm ed  t h e  

C h o ro id .  A n t e r i o r l y ,  t h i s  has  a c i r c u l a r  a p e r t u r e  w i th  which t h e  Choroid 

becomes m o d if ie d  i n t o  s e v e r a l  im p o r ta n t  s t r u c t u r e s ,  namely t h e  I r i s  and t h e  

C i l i a r y  Body. Spread o u t  w i t h i n  t h e  h o l lo w  cup formed by t h e  S c l e r a  and 

Choroid i s  t h e  R e t in a .  T h is  i s  a s o f t  d e l i c a t e  membrane o f  n e rv o u s  t i s s u e  

and i s  c onnec ted  w i th  t h e  O p t ic  N erve .  The s p h e r i c a l  c a v i t y  t h u s  formed 

i s  e n t i r e l y  f i l l e d  by t h r e e  t r a n s p a r e n t  s t r u c t u r e s ,  t h e  L ens , t h e  Aqueous 

Humour and t h e  V i t r e o u s  Humour. The Lens i t s e l f  i s  a  b ico n v e x  body o f  h ig h  

r e f r a c t i v e  in d e x ,  s i t u a t e d  s y m m e tr ic a l ly  b eh in d  t h e  open ing  i n  t h e  I r i s .

Held  i n  p l a c e  by s u s p e n s o ry  l ig a m e n ts  i t  d i v i d e s  t h e  c a v i t y  i n t o  two 

cham bers . The a n t e r i o r  chamber i s  f i l l e d  by t h e  Aqueous Humour w h i l s t  th e  

V i t r e o u s  Humour o c c u p ie s  t h e  p o s t e r i o r  c a v i t y .  Thus t h e  eye i s  a s o l i d  

o rgan  h a v in g  c o n s i d e r a b l e  r i g i d i t y .  I t  i s  s i t u a t e d  i n  t h e  o r b i t ,  a rounded 

d e p r e s s io n  i n  t h e  s k u l l  on e i t h e r  s i d e  o f  t h e  n o s e ,  w here i t  i s  h e ld  i n  

p l a c e  by s e v e r a l  m u s c le s .  A l l  b u t  i t s  a n t e r i o r  s u r f a c e ,  t h e r e f o r e ,  i s  

su rro u n d ed  and p r o t e c t e d  by bone .
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Blood Supply o f  t h e  Eye

For  i t s  n u t r i t i o n  t h e  eye depends  on s e v e r a l  b lo o d  v e s s e l s  and 

a n a s to m o se s .  Among t h o s e  may b e  m entioned  t h e  A r t e r i e s  o f  t h e  O p t ic  

Nerve S h e a th ,  t h e  Long and S h o r t  P o s t e r i o r  C i l i a r y  A r t e r i e s ,  t h e  A n t e r i o r  

C i l i a r y  A r t e r i e s  and t h e  C o n ju n c t iv a l  A r t e r i e s .  As t h e i r  name s u g g e s t s ,  

t h e  a r t e r i e s  o f  t h e  o p t i c  n e rv e  s h e a th  e n t e r  t h e  eye by way o f  t h e  s h e a th

o f  t h e  o p t i c  n e r v e .  Anastomosing w i th  t h e  s h o r t  p o s t e r i o r  c i l i a r y  a r t e r i e s ,

w hich  p a s s  th ro u g h  t h e  s c l e r a  c l o s e  t o  t h e  o p t i c  n e r v e ,  t h e s e  v e s s e l s  

su p p ly  t h e  c a p i l l a r i e s  o f  t h e  c h o r o id .  The long p o s t e r i o r  c i l i a r y  a r t e r i e s ,

two i n  num ber, p i e r c e  t h e  s c l e r a  on t h e  m e d ia l  and l a t e r a l  s i d e s  o f  t h e

o p t i c  n e rv e  and p a s s  fo rw ard  betw een t h e  s c l e r a  and c h o ro id  to w a rd s  t h e  

c i l i a r y  m arg in  o f  t h e  i r i s .  There  t h e y  anastom ose  w i t h  t h e  a n t e r i o r  

c i l i a r y  a r t e r i e s  t o  su p p ly  t h e  i r i s  and t h e  c i l i a r y  body.

The r e t i n a ,  how ever , has  a  s e p a r a t e  su p p ly  by means o f  t h e  C e n t r a l  

A r te ry  o f  t h e  R e t in a  w hich i s  a  b ra n c h  o f  t h e  O ph tha lm ic  A r t e r y .  I t  

e n t e r s  t h ro u g h  t h e  s h e a th  o f  t h e  o p t i c  n e rv e  ab o u t  2 cms. beh ind  t h e  bu lb  

o f  t h e  eye and makes i t s  a p p e a ra n ce  i n  t h e  c e n t r e  o f  t h e  o p t i c  p a p i l l a .

T here  i t  d i v i d e s  i n t o  an u p p e r  and a low er b ra n c h  and each  o f  t h e s e  

b i f u r c a t e s  i n t o  a  n a s a l  and a t e m p o r a l  b r a n c h .  T hese  f o u r  b ran c h e s  th e n  

r a m ify  to w a rd s  t h e  p e r i p h e r y  o f  t h e  r e t i n a .

The t r a n s p a r e n t  o p t i c a l  m ed ia ,  on t h e  o t h e r  h and , r e c e i v e s  it^s 

n u t r i t i o n  from  t h e  aqueous humour. W hile  i t  i s  c e r t a i n  t h a t  t h i s  f l u i d  

i s  a fo rm  o f  lymph and i s  d e r iv e d  from  e x u d a t io n  o f  t h e  v e s s e l s  i n  t h e  

c i l i a r y  p r o c e s s  t h e r e  i s  some d oub t  a s  t o  how i t  l e a v e s  t h e  eye .
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T here  a r e  t h r e e  ways i t  may do t h i s ,  nam ely , by way o f  t h e  c a n a l  o f  

Schlemm i n  t o  t h e  c i l i a r y  v e i n s ,  by t h e  v e in s  o f  t h e  i r i s  and by p a s s in g  

i n t o  t h e  p o s t e r i o r  chamber and th e n c e  i n t o  t h e  ly m p h a t ic s  o f  t h e  o p t i c  

n e rv e  s h e a t h .  P ro b a b ly  a l l  t h r e e  r o u t e s  a r e  employed.

F u n c t io n  o f  t h e  Eye

The f u n c t i o n  o f  t h e  eye i s  t o  r e c e i v e  l i g h t  im p r e s s io n s  o f  

e x t e r n a l  o b j e c t s  and t o  convey them  t o  t h e  b r a i n .  T h is  i s  done by means 

o f  an  i n t r i c a t e  o p t i c a l  sy s tem , c o n s i s t i n g  o f  t h o s e  s t r u c t u r e s  which 

t o g e t h e r  fo c u s  t h e  im ages on t h e  r e t i n a  w here changes o f  a  s t r u c t u r a l ,  

p h y s i c a l  and c h e m ic a l  n a t u r e  t a k e  p l a c e .  The im p r e s s io n s  a r e  th e n  

conveyed to  t h e  b r a i n  a s  im p u ls e s  a lo n g  t h e  o p t i c  n e r v e .  The o p t i c a l  

sy s tem  i n c l u d e s  t h e  c o rn e a ,  t h e  aqueous humour, t h e  c r y s t a l l i n e  le n s  and 

t h e  v i t r e o u s  humour.

S in ce  t h e  w aves, o f  w hich t h e  beam o f  l i g h t  i s  composed, t r a v e l  

more s lo w ly  i n  a  d e n se  medium t h a n  t h e y  do i n  one o f  l e s s  d e n s i t y ,  

r e f r a c t i o n  o c c u rs  w henever l i g h t  p a s s e s  from  one medium i n t o  a n o th e r  of 

d i f f e r e n t  o p t i c a l  d e n s i t y .  F ig u r e  4  shows a  d ieg ra m ra a t ic  r e p r e s e n t a t i o n  

o f  v a r i o u s  t y p e s  o f  r e f r a c t i v e  s t r u c t u r e s .  I n  "E " ,  t h e  medium i s  l e n s 

s h a p e d ,  a s  i n  "B", and v a r i e s  i n  d e n s i t y  as i n  "D". The g r e a t  r e f r a c t i n g  

power o f  such  a  s t r u c t u r e  i s  w e l l  known. T h is  i s  t h e  a rran g em en t i n  t h e  

l e n s  o f  t h e  eye  i n  w h ic h ,  t h e r e f o r e ,  t h e  power o f  r e f r a c t i o n  i s  v e ry  much 

g r e a t e r  t h a n  t h a t  o f  an  o r d i n a r y  l e n s  o f  t h e  same c u r v a t u r e  and t h e  same 

r e f r a c t i v e  in d e x  as  t h e  a v e ra g e  d e n s i t y  o f  i t s  s u b s ta n c e .



A. 3y in c l in e d  P lane

B. By L ens.

C. By P l a t e  o f  g r e a t e r  d e n s i t y  a t  
i t s  low er end t h a n  a t  i t s  upper

i i  V a r io u s  t y p e s  o f  R e f r a c t i n g  S u h s ta n c e s .



D. By P l a t e  o f  g r e a t e r  d e n s i t y  a t  
i t s  c e n t r e  t h a n  a t  i t s  e d g e s .

S .  By Lens o f  g r e a t e r  d e n s i t y  a t  
i t s  c e n t r e  t h a n  a t  i t s  e d g e s .

F i g . 4 (C o n t in u e d )
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The method o f  v a r y in g  t h e  f o c u s  i s  c a l l e d  accommodation. 

A ccord ing  t o  t h e  t h e o r y  o f  H e lm h o l tz ,  which i s  t h e  one most g e n e r a l l y  

a c c e p te d ,  t h e  l e n s ,  when i n  t h e  e y e ,  i s  f l a t t e n e d  by t h e  t r a c t i o n  o f  

t h e  s u s p e n s o ry  l ig a m e n ts  and i s  t h e r e f o r e  fo c u s s e d  f o r  d i s t a n t  v i s i o n .  

By c o n t r a c t i o n  o f  t h e  c i l i a r y  m u sc le ,  t h e  t e n s i o n  i s  r e l e a s e d  and 

a l lo w s  t h e  l e n s ,  by i t s  e l a s t i c i t y ,  t o  r e g a i n  a  more s p h e r i c a l  form 

and hence  f o c u s  f o r  n e a r  v i s i o n .

I n t r a - o c u l a r  T en s io n

I n  o r d e r  t h a t  t h e  eye may c a r r y  o u t  i t s  f u n c t i o n  p r o p e r l y  i t  must 

r e c e i v e  p l e n t y  o f  n u t r i t i o n .  Hence t h e  b lood  m is t  be  a o l e  t o  f low  f r e e l y  

i n t o  t h e  e y e .  Fo r  t h a t ,  i t  i s  n e c e s s a r y  t h a t  t h e  b lood  p r e s s u r e  o f  t h e  

v e s s e l s  be g r e a t e r  t h a n  t h e  t e n s i o n  w i t h i n  t h e  e y e - b a l l .  N orm ally  t h i s  

i s  s o .  When m easured by t h e  S c h io tz  to n o m e te r ,  t h e  eye  i s  found to  

have  a t e n s i o n  o f  from  20-30  ram. o f  m ercu ry .  E x p e r im en ts  on b lood  

p r e s s u r e s  by M ag ito t  and B a i l l i a r t  (1 )  h a v e  shown t h a t  i n  a  norm al 

i n d i v i d u a l  t h e  r e t i n a l  a r t e r i a l  p r e s s u r e  i s  70 mm. s y s t o l i c  and 35 mm. o f  

m ercury  d i a s t o l i c .  These p r e s s u r e s  have  been  co n firm ed  by Duke E ld e r .

I n  t h e  d i s e a s e  GLAUCOMA, i n  which t h e  i n t r a - o c u l a r  p r e s s u r e  i s  r a i s e d ,  we 

f in d  t h e r e  i s  d e f i n i t e  im p a irm en t  o f  t h e  n u t r i t i o n  o f  t h e  eye- I t  i s  

im p o r ta n t  t o  n o t e  t h a t ,  i n  t h i s  d i s e a s e ,  two o f  t h e  im p o r ta n t  symptoms 

a r e  im pa irm en t  o f  v i s i o n  and p a in  i n  t h e  e y e - b a l l .

S in ce  t h e  eye i s  a  s p h e r e ,  how ever, i t s  t e n s i o n  w i l l  v a ry  as  t h e  

i n t r a - o c u l a r  c o n te n t s  i n c r e a s e  o r  d e c r e a s e .  Those p o r t i o n s  o f  t h e
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c o n te n t s  o f  t h e  eye:, t h e  amounts o f  w hich a r e  r e a d i l y  v a r i a b l e  a r e  

t h e  a q u e o u s ,  t h e  v i t r e o u s  and t h e  b lood  c i r c u l a t i n g  i n  t h e  i n n e r  t u n i c s .  

A ccord ing  t o  Fuch5 '(2 ),  t h e  l a s t  i s  t h e  most im p o r ta n t  and every  i n c r e a s e  

o r  d e c r e a s e  i n  b lo o d  p r e s s u r e  i n  t h e s e  v e s s e l s  must r e s u l t  i n  a  r i s e  o r  

a f a l l  o f  i n t r a - o c u l a r  t e n s i o n .  Because  o f  t h e  3raa ll  s i z e  o f  t h e s e  

v e s s e l s ,  how ever, t h e  p u l s a t o r y  v a r i a t i o n s  o f  b lood  p r e s s u r e  a r e  s l i g h t  

and a r e  com pensated f o r  by t h e  e l a s t i c i t y  o f  t h e  f i b r o u s  c o a t s  o f  t h e  

e y e .  But even g r e a t  and l a s t i n g  changes  i n  b lood  p r e s s u r e  o n ly  a f f e c t  

t h e  eye m om en ta r i ly  and n o t  p e rm a n e n t ly  ( 3 ) .  T here  i s  a  p r o t e c t i v e  

mechanism check ing  t h e  r i s e  o r  t h e  f a l l  o f  i n t r a - o c u l a r  t e n s i o n .  The 

r e a l  w ork ings  o f  t h a t  mechanism i s  d o u b t f u l l .  A d le r  (4 )  on t h e  one 

h and , b e l i e v e s  t h a t  t h e  i n t r a - o c u l a r  p r e s s u r e ,  w h i l s t  t e n d i n g  t o  v a ry  

w i t h  a r t e r i a l  p r e s s u r e ,  i s  h e ld  i n  check by l o c a l  v a s o - c o n s t r i c t i o n  due 

t o  t h e  a c t i o n  o f  t h e  c e r v i c a l  s y m p a t h e t i c s .  S t a r l i n g  and H enderson  (5 )  

on t h e  o t h e r  hand , s t a t e  t h a t  t h e  r a t e  o f  s e c r e t i o n  from  t h e  v e s s e l s  o f  

t h e  c i l i a r y  p r o c e s s e s  depends on t h e  d i f f e r e n c e  be tw een  a r t e r i a l  p r e s s u r e  

and i n t r a - o c u l a r  t e n s i o n .  The s e c r e t i o n  o f  t h e  c i l i a r y  p r o c e s s e s  i s  

r e a l l y  an  o sm o tic  p r o c e s s  and t h e  s p e c i f i c  g r a v i t y  o f  t h e  s e c r e t i o n  

v a r i e s  d i r e c t l y  w i th  t h e  b lood  p r e s s u r e  and i n v e r s e l y  w i t h  t h e  o c u la r  

t e n s i o n .

W hatever t h e n ,  t h e  mechanism in v o lv e d  may b e ,  i t  seems e v id e n t  

t h a t  t h e  i n t r a - o c u l a r  t e n s i o n ,  th o u g h  v a ry in g  t o  some e x t e n t  w i t h  t h e  

g e n e r a l  a r t e r i a l  b lood  p r e s s u r e  w i l l  a lm o s t  a t  once r e g a i n  i t s  norm al 

p r e s s u r e .
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L et  u s  now c o n s id e r  t h e  g e n e r a l  a r t e r i a l  b lood  p r e s s u r e  o f  w hich  

we have  spoken .

G e n e r a l  A r t e r i a l  Blood P r e s s u r e

M easurement o f  t h e  g e n e r a l  a r t e r i a l  b lood  p r e s s u r e  a s  e s t im a te d  

by t h e  sphygmomanometer i s ,  a t  t h e  b e s t ,  o n ly  a p p ro x im a te .  The maximal 

p r e s s u r e  e x i s t i n g  w h i l s t  t h e  h e a r t  i s  e x p e l l i n g  b lood  i n t o  t h e  a o r t a  i s  

c a l l e d  t h e  S y s t o l i c  P r e s s u r e  w h i l s t  t h e  m in im al  p r e s s u r e  e x i s t i n g  a t  t h e  

end o f  t h e  h e a r t s  r e s t i n g  p e r i o d  i s  t h e  Q L a s to l ic  P r e s s u r e .  These 

p r e s s u r e s  a r e  r e g i s t e r e d  as b e in g  e q u a l  t o  t h e  p r e s s u r e  e x e r t e d  by a column 

o f  m ercury  m easured i n  m i l l i m e t r e s .

The a r t e r i a l  b lood  p r e s s u r e  i s  n o t  c o n s t a n t  b u t  i s  s u b j e c t  t o  

v a r i a t i o n s  depend ing  on s e v e r a l  f a c t o r s .  F o r  example an  i n c r e a s e  i n  t h e  

c a r d i a c  o u tp u t  c a u se s  a  r i s e  i n  t h e  s y s t o l i c  p r e s s u r e  and t o  a  l e s s e r  d e g re e  

i n  t h e  d i a s t o l i c  v a l u e .  R e s p i r a t i o n  a l s o  c a u s e s  s m a l l  v a r i a t i o n s  w h i l s t  

low er  o s c i l l a t i o n s  may sometimes be p r e s e n t  due  t o  v asom oto r  changes .

P e rh ap s  t h e  f a c t o r  i n f l u e n c i n g  i t  m ost,  how ever, i s  E m otion . T h is  i s  

e s p e c i a l l y  so a t  m e d ic a l  e x a m in a t io n s .  T h is  f a c t o r  a f f e c t s  m a in ly  t h e  

s y s t o l i c  p r e s s u r e  and t h u s  p r e s s u r e s  o f  160 mm. o f  m ercury  may b e  re c o rd e d  

w i th  a  r e l a t i v e l y  low d i a s t o l i c  p r e s s u r e .  P ro v id e d  t h e  d i a s t o l i c  p r e s s u r e  

i s  be tw een  60 mm. and 80 mm. o f  m ercury  how ever, one can  u s u a l l y  f e e l  

c e r t a i n  t h a t  em otion  i s  t h e  c a u s e .  A p o o r  c a r d i o - v a s c u l a r  e f f i c i e n c y  

how ever, w i l l  a l s o  c a u se  a  r i s e  m a in ly  i n  t h e  s y s t o l i c  p r e s s u r e .  Thus a 

p a t i e n t  w i t h  a s i t t i n g  p u l s e  o f  60 b e a t s  p e r  m inu te  may show a  b lood  p r e s s u r e  

o f  128 mm. s y s t o l i c  p r e s s u r e  and 78 mm. d i a s t o l i c  p r e s s u r e  w h i l s t  a n o th e r
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w i th  a  s i t t i n g  p u l s e  o f  112 b e a t s  p e r  m inu te  m igh t  have  a  b lood p r e s s u r e  

o f  141 mm. s y s t o l i c  and 84 mm. d i a s t o l i c .  S in ce  h y p e r - th y r o id i s r a  i s  

u s u a l l y  a s s o c i a t e d  w i th  c a r d i o - v a s c u l a r  i n e f f i c i e n c y  t h e r e  i s  u s u a l l y  a 

r i s e  o f  b lood  p r e s s u r e  p r e s e n t  i n  t h i s  t y p e  o f  c a s e .

A r i s e  m ain ly  i n  t h e  d i a s t o l i c  p r e s s u r e ,  on t h e  o t h e r  h and , i s  

caused  by i n c r e a s e d  p e r i p h e r a l  r e s i s t a n c e .  Thus p a t i e n t s  w i t h  a  p e s t  

h i s t o r y  o f  S c a r l e t  F e v e r  o c c a s i o n a l l y  show a  d i a s t o l i c  p r e s s u r e  o f  90 mm. 

o r  o v e r ,  p r o b a b ly  due t o  r e n a l  in v o lv e m e n t .  I t  has  long been  r e c o g n i s e d  

t h a t  v e s s e l s  o f  t h e  s p la n c h n ic  a r e a  and s k in  c o n s t i t u t e  t h e  m a jo r  p a r t  of 

t h e  p e r i p h e r a l  r e s i s t a n c e .  V a s o - d i l a t i o n  o r  v a s o - c o n s t r i c t i o n  o f  t h e  

v e s s e l s  o f  t h e  s p la n c h n ic  a r e a  a lo n e  may c au se  a  v a r i a t i o n  o f  a s  much as 

100 ram. o f  m ercury  ( 6 ) .  The s y s t o l i c  p r e s s u r e  i s  o f  c o u r s e  s u b s e q u e n t ly  

a f f e c t e d .

Age i s  a n o th e r  f a c t o r  i n f l u e n c i n g  b lood  p r e s s u r e .  Over 40 y e a r s  

o f  age t h e r e  i s  u s u a l l y  a  g r a d u a l  and s t e a d y  r i s e  a s  t h e  a g e  i n c r e a s e s .  

T h is  i s  due t o  a r t e r i a l  d i s e a s e  and i n  t h e  h e a l t h y  s u b j e c t  i t  i s  a b s e n t .

Between t h e  ages  o f  18 and 40 t h e r e  i s  l i t t l e  change .

There  i s  a p p a r e n t l y  an  i n c r e a s e  o f  b lood  p r e s s u r e  w i th  i n c r e a s e

o f  w e ig h t .  Thus among c a n d id a te s  f o r  t h e  R oyal A ir  F o rc e  i t  i s  found

t h a t  t h e  p r e s s u r e  r i s e s  f ro m  118 mm. s y s t o l i c ,  75 mm. d i a s t o l i c  i n  t h e  

l i g h t e s t  u n d e r - w e ig h t  s u b j e c t s ,  t o  132 mm. s y s t o l i c ,  82 ram. d i a s t o l i c  i n  

t h e  h e a v i e s t  o v e r -w e ig h t  s u b j e c t s .  A l l  o f  t h e s e  a r e  u s u a l l y  found t o  be 

p h y s i c a l l y  f i t .  S y s t o l i c  p r e s s u r e  even below  100 mm. can  be found i n
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p e r f e c t  h e a l t h .  The s u b j e c t s  a r e  u s u a l l y  found  t o  p o s s e s s  a  c a r d i o 

v a s c u l a r  e f f i c i e n c y  h i g h e r  th a n  t h e  a v e ra g e  and a  t e n d e n c y  t o  u n d e r - w e ig h t .  

The e m o t io n a l  f a c t o r  may mask t h e  p r e s e n c e  o f  a low s y s t o l i c  p r e s s u r e  a t  

t h e  e x a m in a t io n ,  b u t  a d i a s t o l i c  p r e s s u r e  o f  70 mm. o r  u n d e r  shou ld  su g g e s t  

i t s  p r e s e n c e .  C a n d id a te s  o f  t h i s  t y p e  how ever ,  a r e  a p t  t o  be s u b je c t  to  

a t t a c k s  o f  sy n c o p e .

On t h e  o t h e r  hand a r a i s e d  b lo o d  p r e s s u r e  may e x i s t  i n  a  f i t  s u b j e c t .  

S ix  p e r  c e n t  o f  t h e  f i t  p i l o t s  o f  t h e  R oyal A ir  F o rc e  h a v e  s y s t o l i c  p r e s s u r e s  

o f  140 mm. and o v e r  w h i l e  two p e r  c e n t  have  b lood  p r e s s u r e s  o f  140 mm. 

s y s t o l i c  and 90 mm. and o v e r  d i a s t o l i c .  ( 7 ) .  I n  t h e s e  s u b j e c t s  t h e r e  i s  

u s u a l l y  a  t e n d e n c y  t o  o v e r -w e ig h t  and t h e  c a r d i o - v a s c u l a r  e f f i c i e n c y  i s  

s l i g h t l y  l e s s  t h a n  n o rm a l .

The h e i g h t  o f  an i n d i v i d u a l  h a s  no e f f e c t  on b lo o d  p r e s s u r e  p ro v id e d  

t h e  b o d y - b u i ld  i s  n o rm a l .

S in c e  such  v a r i a t i o n s  o f  b lood  p r e s s u r e  may e x i s t  i n  p h y s i c a l l y  f i t  

s u b j e c t s  we c a n n o t  speak o f  any v a lu e  a s  b e in g  t h e  n o rm a l  b lood  p r e s s u r e .

We must a l l o c a t e  by e x p e r ie n c e  c e r t a i n  l i m i t s  w i t h i n  w hich  a  no rm al  p r e s s u r e  

may f l u c t u a t e .

There  a r e  o t h e r  f a c t o r s ,  how ever, w hich  a f f e c t  i n d i v i d u a l  b lood  

p r e s s u r e s .  Thus p o s t u r e  c a u se s  a  change  i n  t h e  s y s t o l i c  p r e s s u r e  w hich 

seems t o  v a r y  w i t h  t h e  i n d i v i d u a l .  I n  r i s i n g  from  t h e  recum bent p o s i t i o n  

t o  t h e  s t a n d in g  p o s i t i o n  how ever, i t  would seem t h a t  t h e  d i a s t o l i c  p r e s s u r e  

i s  a lw ays i n c r e a s e d  and t h a t  t h e r e  i s  a  c o n s ta n t  d e c r e a s e  i n  t h e  p u l s e
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p r e s s u r e .  The c a u se  o f  t h e s e  changes i s  p ro b a b ly  t h e  r e s u l t  o f  i n c r e a s e d  

c a r d i a c  o u tp u t  o r  o f  i n c r e a s e d  v asom oto r  t o n e ,  o r  a s  t h e  r e s u l t  o f  b o th  

f a c t o r s .

E f f e c t s  o f  A c c e l e r a t i o n

W hile  v e l o c i t y  o f  i t s e l f  h a s  no e f f e c t  on t h e  b lo o d  p r e s s u r e ,  

t h e  r a t e  o f  change o f  v e l o c i t y  o r ,  a s  i t  i s  c a l l e d ,  a c c e l e r a t i o n  does  have 

an e f f e c t  on t h e s e  p r e s s u r e s .  R u f f  (8 )  has  d e s c r ib e d  an in g e n io u s  method 

o f  r e c o r d in g  t h e  s y s t o l i c  and d i a s t o l i c  p r e s s u r e s  even d u r in g  h ig h  a c c e l 

e r a t i o n .  In  a  s e r i e s  o f  e x p e r im e n ts  on a  c e n t r i f u g e ,  u s in g  t h i s  m ethod, 

h e  h a s  shown t h a t ,  i n  t h e  human b e in g ,  t h e r e  i s  a lo w e r in g  o f  t h e  s y s t o l i c  

p r e s s u r e  d u r in g  a c c e l e r a t i o n .  T h is  lo w e r in g  o f  t h e  s y s t o l i c  p r e s s u r e ,  he 

s a y s ,  depends on t h e  amount o f  a c c e l e r a t i o n  a p p l i e d .  Under 3 g .  t h e  

p r e s s u r e  does  n o t  v a ry  c o n s id e r a b l y  th o u g h  t h e  p u l s e  r a t e  r i s e s  q u ic k ly  

from  t h e  b e g in n in g .

F i s c h e r  (9 )  h a s  a l s o  pe rfo rm ed  r e c e n t l y  some e x p e r im e n ts  w i th  a 

c e n t r i f u g e .  By means o f  an X-Ray a p p a r a tu s  f i x e d  t o  t h e  c e n t r i f u g e  h e  to o k  

p h o to g ra p h s  o f  a  s e r i e s  o f  t e n  monkeys w h i l s t  t h e y  w ere  r o t a t i n g .  I n  a  

s e r i e s  o f  p i c t u r e s  he shows t h a t  d u r in g  a c c e l e r a t i o n  t h e r e  i s  a  d e c re a s e  

i n  t h e  f i l l i n g  o f  t h e  h e a r t  and a t  t h e  same t im e  t h e  h e a r t  i s  tu rn e d  

and pushed downwards. T h is  d e c r e a s e  i n  f i l l i n g  i n c r e a s e s  i n  e x t e n t  w i th  

i n c r e a s e  o f  a c c e l e r a t i o n .  W ith t h e  em ptying o f  t h e  h e a r t  t h e  d ia m e te r  o f  

t h e  a o r t a  and t h e  v e n a  c a v a  a l s o  d e c r e a s e s .  H is  e x p e r im e n ts  a l s o  show t h a t  

a  g r e a t  d e a l  depends  on t h e  d i r e c t i o n  i n  w hich t h e  a c c e l e r a t i o n  i s  a p p l i e d .  

I f  i t  t a k e s  p l a c e  i n  t h e  head t o  f e e t  d i r e c t i o n  t h e  above changes  t a k e
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p l a c e  b u t  i f  i t  i s  a p p l i e d  i n  t h e  d i r e c t i o n  o f  f r o n t  t o  back t h e  f i l l i n g

o f  t h e  h e a r t  i s  s a t i s f a c t o r y  up t o  10 g .

By a p p ly in g  a  low c e n t r i f u g a l  f o r c e  t o  s i x  dogs w hich had been 

p r e v i o u s l y  a n a e s t h e t i s e d  Koenen and Ranke (10 )  have  shown t h a t  t h e  b lood 

p r e s s u r e  f a l l s  im m e d ia te ly  b u t  r i s e s  a g a in  a f t e r  18 t o  20 s e c o n d s .  T h i s ,  

th e y  s a y ,  i s  i n  a c c o rd a n c e  w i th  t h e  r e f l e x  t im e  o f  t h e  c a r o t i d  s i n u s .  W ith

f o r c e s  above 4  g .  however t h e  c a r o t i d  p r e s s u r e  i s  a lw ays  below z e r o .  In

t h e  dog however t h e  p u l s e  r a t e  a p p a r e n t l y  f a l l s  from  t h e  b e g in n in g  owing to  

some i r r i t a t i o n  o f  t h e  vagus w hich  i s  l e f t  u n e x p la in e d .

I t  i s  e v id e n t  t h e n ,  from  t h e s e  o b s e r v a t i o n s ,  t h a t  a c c e l e r a t i o n  o f  

s u f f i c i e n t  a m p l i tu d e  w i l l  c au se  a f a l l  i n  t h e  s y s t o l i c  p r e s s u r e .  T h is  i s  due 

t o  a  d e c r e a s e  i n  t h e  f i l l i n g  o f  t h e  h e a r t  and t a k e s  p l a c e  a p p a r e n t l y  o n ly  when 

t h e  a c c e l e r a t i o n  i s  a p p l i e d  i n  t h e  d i r e c t i o n  o f  head t o  f e e t .

E f f e c t s  o f  A l t i t u d e .

I t  i s  g e n e r a l l y  a g re e d  t h a t  a l t i t u d e  t e n d s  t o  low er  t h e  b lo o d  p r e s s u r e .  

A ccord ing  t o  N o r r i s ,  B a z e t t  and M cMillan (11 )  t h i s  i s  due m ain ly  t o  oxygen 

d e f i c i e n c y .  The e f f e c t  i s  more marked i n  t h o s e  w i th  a low b lood  p r e s s u r e  

b u t  i t  i s  im p o s s ib l e  to  f o r e c a s t  from  a  p e r s o n ' s  g e n e r a l  p h y s iq u e  w hat t h e  

r e s u l t  w i l l  b e .  Amongst a v i a t o r s ,  who a r e  s u b je c t e d  su d d e n ly  t o  t h e  a tm os

p h e r i c  changes dependen t  on a l t i t u d e ,  two r e a c t i o n s  a r e  o b s e rv e d .  E i t h e r  

t h e  p i l o t  f a i n t s  and does  n o t  r e g a i n  c o n s c io u s n e s s  u n t i l  h e  h a s  l o s t  a  g r e a t  

d e a l  o f  h e i g h t  o r  e l s e  h e  i s  aware o f  an i n c r e a s i n g  l a c k  o f  a t t e n t i o n  and 

c o n c e n t r a t i o n ,  when e v e ry  movement i s  i r k s o m e .  A cco rd in g  t o  S c h n e id e r  and 

T r u e s d e l l  (12) t h e  ty p e  o f  r e a c t i o n  depends  on w h e th e r  t h e  c i r c u l a t o r y  c e n t r e  

o r  t h a t  c o n t r o l l i n g  m otor a c t i o n  and c o - o r d i n a t i o n  i s  t h e  f i r s t  t o  f a i l .

Not o n ly  i s  t h e  r e a c t i o n  an i n d i v i d u a l  one  b u t  t h e  h e i g h t  a t  w h ic h  i t  t a k e s
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e f f e c t  a l s o  seems t o  depend on t h e  p a r t i c u l a r  p e r s o n  c o n c e rn e d .  T here  a r e  

however v e ry  few p i l o t s  who can exceed 20,000 f e e t  w i th o u t  t h e  u se  o f  oxygen . 

F o r t u n a t e l y  t h i s  i s  n o t  now n e c e s s a r y  as  a l l  a e r o p la n e s  w hich  a r e  e x p e c te d  to  

ascen d  h i g h e r  t h a n  15 ,000  f e e t  a r e  f i t t e d  w i th  an oxygen a p p a r a tu s  and t h e  

p i l o t  b e g in s  t o  u s e  i t  a t  5 ,000  f e e t .  S l i g h t  e l e v a t i o n s  however produce  

l i t t l e  c h a n g e .  In  e x p e r im e n ts  pe rfo rm ed  by Clough (13 )  t h e  r e a d in g s  a t  

5 ,0 0 0  f e e t  w ere p r a c t i c a l l y  i d e n t i c a l  w i th  t h o s e  a t  s e a  l e v e l  w h i l s t  m iners  

a s c e n d in g  o r  d e sce n d in g  17 ,000  f e e t  showed v a r i a t i o n s  h a r d l y  e xceed ing  5 mm. 

o f  m ercu ry .

The C a r o t id  S in u s .

S in c e  so many e x t e r n a l  i n f l u e n c e s  may a f f e c t  t h e  b lood  p r e s s u r e  t h e r e  

m ust b e  some form  o f  p r o t e c t i v e  m echanism. We f i n d  t h i s  i n  t h e  c a r o t i d  s i n u s .  

S i t u a t e d  a t  t h e  b i f u r c a t i o n  o f  t h e  common c a r o t i d  a r t e r y  t h e  c a r o t i d  s in u s  i s  

v e ry  s e n s i t i v e  t o  changes o f  i n t e r n a l  p r e s s u r e .  N orm ally  t h e  s in u s  n e rv e s  

e x e r t  a t o n i c  i n h i b i t o r y  i n f l u e n c e  on t h e  v a so -m o to r  c e n t r e  and by p e r f u s io n  . 

e x p e r im e n ts  i t  can  be shown t h a t  a  r i s e  o f  i n t e r n a l  p r e s s u r e  w i l l  c a u se  a  

v a s o - d i l a t i o n  m a in ly  i n  t h e  s p la n c h n ic  a r e a .  The s in u s  i s  rem arkab ly  

s e n s i t i v e  and even a  d e v i a t i o n  o f  10 mm. w i l l  c a u se  a r e f l e x  r e s p o n s e .  Koch, 

i n  e x p e r im e n ts  on t h e  i s o l a t e d  in n e r v a te d  s in u s  h a s  shown t h a t ,  up t o  a  p o i n t ,  

t h e  g r e a t e r  t h e  p r e s s u r e  t h e  g r e a t e r  t h e  r e f l e x  f a l l  and t h a t  t h e  norm al b lood  

p r e s s u r e  o f  t h e  s p e c i e s  i s  t h e  r e g io n  i n  which t h e  most s e n s i t i v e  s in u s  r e f l e x e s  

a r e  o b t a i n e d .
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SYMPTOMS.

In  a  p r e c e d in g  s e c t i o n  I  m entioned  t h a t  t h e r e  w ere  a p p ro x im a te ly

50 p i l o t s  on t h e  s t a t i o n ,  a l l  o f  whom a d m it te d  t h a t  t h e y ,  a t  some t im e  o r

o t h e r ,  had " b la c k e d  o u t " .  To com pile  a  l i s t  o f  symptoms, t h e r e f o r e ,  seemed, 

a t  f i r s t ,  an e a sy  t a s k .  S u r e ly  i n t e r r o g a t i o n  o f  a l l  t h e  p i l o t s  would r e v e a l

t h e  common s e n s a t i o n s  and a  few t e s t s  would b e  s u f f i c i e n t  t o  make an a c c u r a te

l i s t .  T h i s ,  how ever ,  was n o t  t o  b e .  I n t e r r o g a t i o n  o f  a l l  t h e  p i l o t s  on ly  

r e v e a l e d  t h a t  none o f  them  c o u ld  say  more t h a n  t h a t ,  d u r in g  c e r t a i n  e v o l u t i o n s ,  

e v e r y t h in g  went b l a c k .  I t  was a p p a re n t  t h e n  t h a t  o n ly  by i n v i t i n g  them  to  

b l a c k  o u t  p u r p o s e ly  cou ld  a n y th in g  f u r t h e r  b e  l e a r n e d .  Thus I  made i t  known 

t h a t  I  would l i k e  v o l u n t e e r s  t o  b l a c k  o u t ,  by any method t h e y  l i k e d  t o  a d o p t ,  

and r e c o r d  t o  me a f t e r w a r d s  t h e  s e n s a t i o n s  e x p e r i e n c e d .  In  o r d e r  t h a t  I  

m ig h t  have  an  i d e a  o f  t h e  c o n d i t i o n  m y se l f  and be a b l e  t o  ask  i n t e l l i g e n t  

q u e s t i o n s  I  a l s o  p a r t i c i p a t e d  i n  t h e s e  t e s t s .  Thus on s e v e r a l  o c c a s io n s ,  

w h i l s t  f l y i n g  as  a p a s s e n g e r ,  I  had t h e  d o u b t f u l  p l e a s u r e  o f  b e in g  "b lacked  

o u t " .  I t  i s  n o t  a  p l e a s a n t  e x p e r ie n c e  a nd , on t h e  f i r s t  o c c a s io n  a t  l e a s t ,  

i s  a  l i t t l e  f r i g h t e n i n g .  T here  was no s c a r c i t y  o f  v o l u n t e e r s  and i t  was 

e v id e n t  t h a t  t h e  p i l o t s  w ere o n ly  to o  w i l l i n g  t o  do a l l  t h e y  cou ld  t o  r e d u c e  

t h i s  l i m i t a t i o n .

F o r  s e v e r a l  months t h e s e  p i l o t s  pe rfo rm ed  t e s t  a f t e r  t e s t ,  whenever 

t h e i r  o t h e r  d u t i e s  p e r m i t t e d .  None o f  t h e  p i l o t s  f a i l e d  t o  " b la c k  o u t "  th o u g h  

r e p o r t s  on t h e  e a s e  w i t h  w hich  i t  was acco m p lish ed  v a r i e d  t re m e n d o u s ly .  T h is  

g a v e  r i s e  t o  t h e  th o u g h t  t h a t  i t  was e a s i e r  t o  a c co m p lish  on some days th a n  on 

o t h e r s  and t h a t  some p i l o t s  " b la c k e d  o u t "  more r e a d i l y  t h a n  o t h e r s .  As t h e s e  

t e s t s  w ere n o t  s t a n d a r d i s e d  i n  any way, no a c c u r a t e  r e c o r d  o f  t h e  f l i g h t s  was 

k e p t  b u t  t h e  s e n s a t i o n s  e x p e r ie n c e d  i n  each  c a se  were c a r e f u l l y  n o t e d .  These
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w ere  r e p e a te d  a g a in  and a g a in  and g r a d u a l ly  a  l i s t  o f  symptoms was c o m piled .

The common s e n s a t i o n s  a r e  a s  fo llo w s*

1 .  The s e n s a t i o n  o f  b e in g  p r e s s e d  i n t o  t h e  s e a t
and t h a t  t h e  c o n te n t s  o f  t h e  abdomen a r e  i n c r e a s i n g .

2 .  G ra d u a l  d im ness  o f  v i s i o n .

3 .  Sudden b l i n d n e s s .

4 .  B l in d n e s s  p a s s e s  o f f .

The s e n s a t i o n s  o c c u r r e d  d u r in g  any manoeuvre w hich in v o lv e d  a  r a p id  

change  o f  d i r e c t i o n  such  as  p u l l i n g  o u t  o f  a  d iv e  i n t o  a lo o p  o r  t u r n i n g  q u ic k ly  

t o  one  o r  o t h e r  s i d e  w i th  a  s t e e p  b a n k .  F i r s t  o f  a l l  t h e  p i l o t s  had t h e  

s e n s a t i o n  o f  b e in g  p r e s s e d ,  s t e a d i l y  b u t  s t r o n g l y  i n t o  t h e i r  s e a t s .  At t h e  

same t im e  t h e y  e x p e r ie n c e d  a p e c u l i a r  f e e l i n g  o f  f u l l n e s s  o f  t h e  abdomen.

T here  was no t e n d e n c y  t o  s i c k n e s s  n o r  n a u s e a  b u t  m ere ly  t h e  f e e l i n g  t h a t  t h e  

s tom ach  was b e in g  d i s p l a c e d  downwards. A d im ness  o f  v i s i o n  th e n  appeared  

a f f e c t i n g  t h e  w hole  f i e l d  a t  o n c e .  At l e a s t  i t  was n o t  p o s s i b l e  t o  say  t h a t  

t h i s  b l u r r i n g  o f  v i s i o n  commenced i n  any one p a r t  o f  t h e  f i e l d  b e f o r e  a n o th e r .  

One was o n ly  aware t h a t  v i s i o n  as  a  w hole  was b l u r r e d  and t h a t  o n ly  b r ig h t  

o b j e c t s  w ere s e e n  c l e a r l y .  But t h i s  d id  n o t  l a s t  f o r  l o n g .  W ith  a la rm ing  

su d d e n n ess  com ple te  d a rk n e s s  o c c u r r e d  and t h e  p i l o t s  w ere  u n a b le  t o  see  any

t h i n g  a t  a l l .  T h is  s e n s a t i o n  was so a la r m in g  t h a t ,  f o r  t h e  moment one cou ld  

c o n c e n t r a t e  on n o t h in g  e l s e .  G r a d u a l l y ,  how ever ,  t h e  p i l o t  was aware t h a t  

none o f  h i s  o t h e r  s e n s e s  seemed t o  be a f f e c t e d  and t h a t  h e  was q u i t e  c o n s c io u s .  

T h is  b l i n d n e s s ,  how ever ,  was n o t  o f  long  d u r a t i o n .  W ith in  a p p ro x im a te ly  t h r e e  

s e c o n d s ,  and w i th  t h e  same su d d e n n ess  w i th  w hich i t  a p p e a re d ,  t h e  b l i n d n e s s  

p a s se d  o f f  and once more t h e  p i l o t  could  s e e  t h e  r e l a t i v e  p o s i t i o n  o f  h i s  p la n e  

t o  t h e  g ro u n d .  V is io n  r e t u r n e d  th ro u g h o u t  t h e  w hole  f i e l d  a t  t h e  seme t im e
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end t h e  b r i g h t  o b j e c t s  w ere  t h e  f i r s t  to  be r e c o g n i s e d .  The d u r a t i o n  o f  t h e  

com ple te  sequence  o f  symptoms was a p p ro x im a te ly  5 -6  s e c o n d s .

D uring  t h e s e  e x p e r im e n t s ,  s e v e r a l  o f  t h e  p i l o t s  com plained  t h a t ,  a f t e r  

a  f l i g h t  d u r in g  w hich th e y  had b la c k e d  th e m s e lv e s  o u t  r e p e a t e d l y ,  th e y  found 

d i f f i c u l t y  i n  m e n ta l  c o n c e n t r a t i o n .  I t  was d i f f i c u l t  t o  a s s e s s  t h e  p e rc e n ta g e  

o f  p i l o t s  t h u s  a f f e c t e d  a s  n o t  a l l  o f  them  a r e  r e q u i r e d  f o r  d u t i e s  o t h e r  th a n  

f l y i n g .  But a l l  o f  t h o s e  whose d u t i e s  e n t a i l e d  o f f i c e  work, found  t h a t ,  on 

l a n d in g  and a p p ly in g  th e m s e lv e s  t o  t h e s e  r o u t i n e  d u t i e s ,  th e y  d id  n o t  seem a b le  

t o  t h i n k  c l e a r l y  n o r  s y s t e m a t i c a l l y  and t h a t  t h e y  f e l t  t i r e d  and s l e e p y .  I  

m y s e l f  e x p e r ie n c e d  t h i s ,  b u t  w i th  i t  I  had t h e  p e c u l i a r  s e n s a t i o n ,  n o t  r e p o r t e d  

by any o f  t h e  o t h e r s ,  t h a t ,  on a l i g h t i n g  from  t h e  a i r c r a f t ,  my l e g s  w ere  moving 

a u t o m a t i c a l l y  and t h a t  I  d id  n o t  have  com ple te  c o n t r o l  o v e r  th em . I t  must

how ever b e  b o rn e  i n  mind t h a t  I  am n o t  y e t  an e x p e r ie n c e d  f l y e r  n o r  am I
'

accus tom ed  t o  " b la c k in g  o u t " .  A ls o ,  I  h a v e  e x p e r ie n c e d  t h e  same s e n s a t i o n  on 

fo rm e r  o c c a s io n s  a f t e r  n e rv o u s  t e n s i o n .

One p i l o t  r e p o r t e d  t h a t  i n v a r i a b l y  d u r in g  t h e  " b la c k in g  o u t "  h e  p e r s p i r e d  

f r e e l y .  T h is  was n o t  e x p e r ie n c e d  by  any o f  t h e  o t h e r s  though  s p e c i a l  n o te  o f  

t h e  symptom was made d u r in g  r e p e a te d  t e s t s .  T h is  same p i l o t  a l s o  com plained 

o f  a n o th e r  s e n s a t i o n  n o t  e x p e r ie n c e d  by any o f  t h e  o t h e r s ,  namely t h a t  j u s t  

b e f o r e  b l a c k i n g  o u t  he f e l t  t h a t  t h e  b lo o d  was d r a i n i n g  away from  h i s  h e a d .

As he i s  a  v e r y  a b l e  man and u s u a l l y  a c c u r a t e  i n  h i s  o b s e r v a t i o n s ,  I  have no 

d o u b t  t h a t  he a c t u a l l y  d id  e x p e r ie n c e  t h e s e  symptoms.

On one o c c a s io n  a n o th e r  p i l o t  r e p o r t e d  t h a t  he  had f a i n t e d .  H is  r e p o r t  

s t a t e d  t h a t  h e  had been e n d e a v o u r in g  t o  b l a c k  o u t .b y  m a in ta in in g  a r a p id  t u r n  

w i t h  v e ry  s t e e p  b a n k .  A f t e r  ab o u t  two t u r n s ,  d u r in g  w hich  h e  e x p e r ie n c e d  t h e  

u s u a l  m a n i f e s t a t i o n s  he became u n c o n s c io u s .  T h is  a p p a r e n t l y  d i f f e r e d  from  an
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o r d in a r y  f a i n t  f o r  on r e c o v e r y  he found t h a t  he  was s i t t i n g  u p r i g h t  and 

t h a t  h i s  p la n e  was n o t  m arked ly  o u t  o f  c o n t r o l .  Though he made s e v e r a l  

a t t e m p t s  he cou ld  n o t  r e p e a t  t h e  p e rfo rm a n c e .  T h is  i s  n o t  s u r p r i s i n g  a s ,  

on t h a t  o c c a s i o n ,  he  had no method o f  e s t i m a t in g  h i s  r a t e  o f  t u r n .  But t h e  

p o s s i b i l i t y  o f  t h e  p i l o t s  becoming u n c o n s c io u s  has  been  c o n f i rm e d .  One o f  

o u r  m e d ic a l  o f f i c e r s ,  h im s e l f  a p i l o t ,  r e p o r t s  t h a t ,  w h i le  f l y i n g  as  a 

p a s s e n g e r ,  he  was b la c k e d  o u t  and t h a t  on t h a t  o c c a s io n  h e  became u n c o n s c io u s .  

He sa y s  t h a t ,  on r e g a i n i n g  c o n s c io u s n e s s  he found t h a t  he  had n o t  gone 

f l a c c i d  as  m igh t have been ex p ec ted  and t h a t  he  was s t i l l  h o ld in g  t h e  sp eak in g  

t u b e .

I t  i s  i n t e r e s t i n g  t o  n o te  t h a t  on no o c c a s io n  d id  t h e  p i l o t s  com plain  

o f  any p a in  i n  t h e  eyes  n o r  was any s e n s a t i o n  f e l t  i n  t h e  low er l im b s .

I t  was n o t  p r a c t i c a b l e  t o  examine t h e  p i l o t s  b e f o r e  each  f l i g h t  bu t 

t h i s  was done , a s  soon as  p o s s i b l e ,  a f t e r  t h e y  had l a n d e d .  The r e s u l t  o f  

t h i s  e x a m in a t io n  was checked w i th  t h e  r e c o r d  o f  t h e  p i l o t s  l a s t  e x a m in a t io n .  

These  e x a m in a t io n s  p roved  n e g a t i v e  a nd , w i th  one  e x c e p t io n ,  no v a r i a t i o n
I

w o r th y  o f  n o te  was d e t e c t e d .  I n v a r i a b l y  t h e  p i l o t s  b lood  p r e s s u r e  was low er 

t h a n  n o rm a l .  A f t e r  l a n d i n g ,  t h e  p r e s s u r e  r o s e  g r a d u a l ly  and, i n  most c a s e s ,  

raaohed i t s  no rm al  l e v e l  w i t h i n  two h o u r s .  I n  a  few p i l o t s ,  how ever, t h e  

t im e  taken  t o  r e t u r n  t o  no rm al  was g r e a t l y  i n c r e a s e d .

The age o f  th e  p i l o t  d id  n o t  m a t t e r  a t  a l l .  None o f  t h e  e x p e r ie n c e d  

p i l o t s  found any d i f f i c u l t y  in  b la c k in g  o u t .  T h is  was n o t  so w i th  t h e  l e s s  

e x p e r ie n c e d  ones  and on s e v e r a l  o c c a s io n s  t h e s e  p i l o t s  r e p o r t e d  t h a t  t h e y  had 

succeeded  o n ly  w i th  d i f f i c u l t y .  T h i s ,  I  am c o n f i d e n t ,  was m a in ly  due to  t h e i i  

i n e x p e r i e n c e  and la c k  o f  c o n f i d e n c e .  At t h e  same t im e  i t  was n o te d  f o r  

c o n s i d e r a t i o n  a t  a  l a t e r  d a t e .
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S in c e  t h e  commencement o f  t h e s e  t e s t s  i n  1936 , r e p o r t s  have  been 

r e c e iv e d  c o n t i n u a l l y  b u t  so f a r  no f u r t h e r  symptoms h a v e  been  n o t e d .  On no 

o c c a s i o n  d u r in g  t h a t  p e r io d  have  I  h e a rd  o f  any d i s a b i l i t y  among t h e  p i l o t s  

w h ich  was l i k e l y  t o  have been cau sed  o r  a g g ra v a te d  by t h e  c o n d i t i o n .

A p p a r e n t ly  i t  does  n o t  i n j u r e  t h e i r  g e n e r a l  h e a l t h  i n  any way n o r  a f f e c t  t h e i r  

g e n e r a l  p h y s i c a l  f i t n e s s .
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INVESTIGATION

F o r  t h e  i n v e s t i g a t i o n  i t  was n o t  p o s s i b l e  t o  u se  a l l  t h e  p i l o t s  and

I  had t o  be c o n te n t  w i t h  a  s e l e c t e d  few . Thus» from  among t h e  k e e n e s t  o f

t h e  p i l o t s  I  chose  t e n  t o  p e r fo rm  t h e  p roposed  t e s t s .  B ecause  o f  t h e  n a t u r e  

o f  t h e s e  t e s t s  t h e  p i l o t s  w ere  s e l e c t e d  f o r  t h e i r  powers o f  o b s e r v a t io n  

i r r e s p e c t i v e  o f  t h e i r  age  o r  p h y s i c a l  e f f i c i e n c y .  W ith  t h e  e x c e p t io n  o f  

on e  p i l o t  whose age  was 35 y e a r s  t h e r e  was a  d i f f e r e n c e  o f  o n ly  two y e a r s  

be tw e en  t h e  age  o f  t h e  y o u n g e s t  and t h a t  o f  t h e  o l d e s t  w h i l e ,  f o r  p r a c t i c a l  

p u r p o s e s ,  t h e  g e n e r a l  p h y s i c a l  e f f i c i e n c y  o f  a l l  t h e  p i l o t s  was e q u a l .  In  

b lo o d  p r e s s u r e  t h e  h i g h e s t  r e a d i n g  was s e p a r a t e d  from  t h e  lo w e s t  by 10 mm. o f  

m ercu ry .

So t h a t  t h e  e x p e r im e n ts  m igh t  be s t a n d a r d i s e d  and a s  s a f e  as  p o s s i b l e ,  

c e r t a i n  r e g u l a t i o n s  w ere  l a i d  down. F i r s t l y ,  a l l  t h e  e x p e r im e n ts  w ere  t o  be 

p e rfo rm e d  a t  a  h e i g h t  o f  5 ,0 0 0  f e e t .  T h is  h e i g h t  was c hosen  f o r  t h e  

f o l l o w i n g  r e a s o n s .  In  a v i a t i o n  t h e  h i g h e r  a  p i l o t  f l i e s  t h e  more s a f e  h e  i s  

s h o u ld  a n y th in g  u n f o r s e e n  happen  t o  t h e  m ach in e .  A lthough  e v e ry  p i l o t  must

w ea r  a  p a r a c h u t e ,  i t  i s  n o t  s a f e  t o  u s e  t h i s  a t  a  h e i g h t  o f  l e s s  t h a n  2 ,000

f e e t .  As a  p i l o t ,  f l y i n g  " b l i n d " ,  m igh t l o s e  many h u n d red s  o f  f e e t  w i th o u t  

r e a l i s i n g  i t ,  i t  was e s s e n t i a l  t h a t  t h e  c hosen  h e i g h t  be g r e a t e r  t h a n  t h i s .  

But p h y s i o l o g i c a l  c o n d i t i o n s  had a l s o  to  be c o n s i d e r e d .  The h i g h e r  a p i l o t  

c l im b s  t h e  more i s  h i s  b lood  p r e s s u r e  a f f e c t e d  by a tm o s p h e r ic  c o n d i t i o n s .

As some l i m i t  had t o  b e  made t h i s  was s e t  a t  5 ,0 0 0  f e e t .  At t h i s  h e i g h t  i t  

was th o u g h t  t h a t  t h e  s t a n d a r d s  o f  s a f e t y  w ere  o b se rv e d  and y e t  t h e  p i l o t s  

w ere  n o t  h ig h  enough t o  be a f f e c t e d  by a tm o s p h e r ic  c o n d i t i o n s .  The t e s t s  

w e re  a l l  c a r r i e d  o u t  i n  o r d i n a r y  S e r v ic e  s i n g l e - s e a t e r  a e r o p l a n e s  o f  t h e  same 

t y p e  and t h e  p i l o t s  w ere f i t t e d  as  f o r  o r d i n a r y  f l y i n g  w i t h  f l y i n g  s u i t ,
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p a r a c h u te  and oxygen a p p a r a t u s .  At t h i s  h e i g h t ,  o f  c o u r s e ,  t h e  l a t t e r  was 

n o t  u s e d .

The p r e l i m i n a r y  t e s t s  had shown t h a t ,  s i n c e  " b la c k in g  o u t"  was caused 

by r a p i d  ch an g es  o f  d i r e c t i o n  a t  h ig h  s p e e d ,  i t  must be due i n  some way to  

a c c e l e r a t i o n .  P ro v id e d  t h e  speed  and r a t e  o f  t u r n  i s  known, t h e  a c c e l e r a t i o n
O

a c t i n g  on t h e  m achine can  be c a l c u l a t e d  from  t h e  fo rm u la  G = 2  .  But a t  a
r

h e i g h t  o f  5 ,0 0 0  f e e t  i t  i s  i m p o s s ib l e  t o  c a l c u l a t e  a c c u r a t e l y  t h e  r a t e  o f  t u r n .  

Hence some o t h e r  method o f  a c q u i r i n g  t h e  a c c e l e r a t i o n  v a lu e  had t o  be d e v i s e d .  

F o r  t h e  p u rp o se  an a c c e l e r o m e te r  was made i n  t h e  f o l l o w in g  m anner .  A sm all  

l e v e r  was f i x e d  a t  i t s  c e n t r a l  p o i n t .  To one end was a t t a c h e d  a  1 o z .  w e ig h t  

w h i l e  t h e  o t h e r  end moved f r e e l y  a lo n g  a s c a l e .  The l e v e r  was h e ld  i n  a 

h o r i z o n t a l  p o s i t i o n  by a  s p r i n g  w hich  e x a c t l y  c o u n te r b a la n c e d  t h e  w e ig h t  

(d ia g ra m  5 ) .  The p o i n t  t h u s  d e n o te d  on t h e  s c a l e  was marked as  z e r o .  By 

a d d in g  a n o th e r  1 o z .  w e ig h t ,  t h e  p o i n t e r  was made t o  move a c e r t a i n  d i s t a n c e  

a lo n g  t h e  s c a l e  and t h i s  p o i n t  was marked " l .G " .  T h is  p r o c e s s  was r e p e a te d  

a g a in  and a g a in  u n t i l  t h e  s c a l e  was marked o f f  i n  l .G  i n t e r v a l s  up t o  10 .G .

The i n s t r u m e n t  was t h e n  f i x e d  f i r m l y  i n  t h e  a e r o p l a n e  so t h a t  t h e  l e v e r  moved 

i n  a  v e r t i c a l  d i r e c t i o n .  P e r i o d i c a l l y  t h e  i n s t r u m e n t  was t e s t e d  by ad d in g  

t h e  w e ig h ts  and c h e c k in g  t h e  p o i n t s  on t h e  s c a l e .  Though I  ca n n o t  vouch f o r  

t h e  a c c u r a c y ,  t h e  i n s t r u m e n t  d id  s e t  a s t a n d a r d  and was t h e  same f o r  a l l  t h e  

p i l o t s .

T e s t  Ho. 1 .

T h i s  t e s t  was d e s ig n e d  t o  f i n d  a t  what G v a lu e  t h e  p i l o t s  b la c k e d  o u t .  

The p i l o t s  w ere  a sk e d  t o  f l y  a t  5 ,0 0 0  f e e t  and from  t h e r e  t o  p e r fo rm  lo o p s ,  

i n c r e a s i n g  t h e  G v a lu e  each  t im e  u n t i l  t h e y  b la c k e d  o u t .  Each p i l o t  c a r r i e d  

a  s to p  w a tc h  and w i th  t h i s  h e  en deavou red  t o  m easure  t h e  d u r a t i o n  o f  t h e



b l a c k  o u t .

D uring  t h e  f i r s t  a t t e m p t s  low v a lu e s  o f  G o n ly  w ere  re c o rd e d  and none 

o f  t h e  p i l o t s  b la c k e d  o u t  a t  a l l .  I t  was o b se rv e d  d u r in g  t h e s e  a t t e m p t s  t h a t  

im m e d ia te ly  t h e  p i l o t  p u l l e d  t h e  s t i c k  back t o  e n t e r  t h e  lo o p  t h e  G v a lu e  began  

t o  r i s e .  I t  r o s e  r a p i d l y  u n t i l  a  c e r t a i n  v a lu e  was re a c h e d  and th e n  rem ained  

s t a t i o n a r y  f o r  a  t i m e .  The speed  o f  t h e  a e r o p la n e  r e m a in in g  c o n s t a n t ,  t h e  

r a t e  o f  i n c r e a s e  i n  G v a lu e  v a r i e d  d i r e c t l y ,  o f  c o u r s e ,  w i t h  t h e  amount o f  

p r e s s u r e  a p p l i e d  t o  t h e  s t i c k .  N e a r in g  t h e  t o p  o f  t h e  lo o p ,  how ever, t h e  

G v a lu e  began  t o  d ro p  a g a in  as  soon as  t h e  speed  o f  t h e  a e r o p la n e  began  to  

d e c r e a s e .  T h is  i s  i l l u s t r a t e d  i n  d ia g ra m  6 .

Each  p i l o t  pe rfo rm ed  many lo o p s  n o t in g  t h e  G v a lu e  r e c o r d e d  and as  f a r  

a s  p o s s i b l e  t h e  p o s i t i o n  o f  t h e  a e r o p la n e  i n  t h e  lo o p .  On b la c k in g  o u t ,  he  

n o te d  t h e  G v a lu e  r e c o r d e d ,  t h e  p o s i t i o n  o f  t h e  a e r o p l a n e  i n  t h e  lo o p  and a l s o  

endeavou red  by  means o f  t h e  s to p  w a tch  t o  r e c o r d  t h e  d u r a t i o n  o f  t h e  b l a c k in g  

o u t .  When one  remembers t h a t  he  had a l s o  t o  c o n t r o l  t h e  a e r o p la n e  one c a n n o t  

p l a c e  to o  much r e l i a n c e  on t h e  a c c u r a c y  o f  t h e  f i g u r e s  o b t a i n e d .  The t e s t  

was r e p e a t e d  many t i m e s ,  how ever ,  by  each  p i l o t  and an a v e ra g e  o f  each  m an 's  

f i g u r e s  was t a k e n .

A l l  t h e  p i l o t s  d id  n o t  b la c k  o u t  a t  t h e  same G v a lu e  n o r  d id  each 

i n d i v i d u a l  p i l o t  b la c k  o u t  a t  t h e  same v a lu e  each  t i m e .  L ik e w ise  t h e  d u r a t i o n  

o f  b l a c k i n g  o u t  v a r i e d  c o n s i d e r a b l y  w i t h  each  a t t e m p t .  I t  was no ted  however 

t h a t  t h e  h i g h e r  t h e  G v a lu e  re c o rd e d  t h e  s h o r t e r  was t h e  d u r a t i o n  o f  b l a c k i n g  

o u t .  T h is  i s  t o  b e  e x p e c te d  f o r  t h e  h ig h  G v a lu e  means t h a t  e i t h e r  t h e  speed  

was i n c r e a s e d  o r  t h e  r a d i u s  o f  t h e  lo o p  was d e c r e a s e d .  Thus i n  e i t h e r  c a se  

t h e  t im e  t a k e n  t o  r e a c h  t h e  t o p  o f  t h e  lo o p  was d e c r e a s e d .  The h i g h e s t  G 

v a lu e  r e c o rd e d  b e f o r e  b l a c k i n g  o u t  to o k  p l a c e  was 7 G w h i l s t  t h e  lo w e s t  v a lu e
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a t  w h ich  i t  o c c u r r e d  was 5 G. The d u r a t i o n  o f  b l a c k in g  o u t  v a r i e d  from  two 

se c o n d s  t o  f i v e  s e c o n d s .  I t  was obse rved  t h a t  some o f  t h e  p i l o t s  p e r s i s t e n t l y -  

r e c o rd e d  low G v a lu e s  w h i l s t  t h e  o t h e r s  a lw ays r e t u r n e d  h i g h e r  G v a l u e s .  Thus 

o f  t h e  t e n  p i l o t s  f o u r  had an a v e ra g e  o f  a p p ro x im a te ly  5 G w h i l s t  t h e  o t h e r

s i x  had an a v e ra g e  o f  be tw een  6 and 7 G.

The m ost im p o r ta n t  f i n d i n g  f rom  t h e s e  t e s t s  how ever ,  was common t o  a l l  

t h e  p i l o t s .  None o f  t h e  p i l o t s  b la c k e d  o u t  im m e d ia te ly  t h e  h i g h e s t  G r e a d in g  

f o r  t h e  manoeuvre was r e c o rd e d  b u t  o n ly  a f t e r  t h a t  v a lu e  had been m a in ta in e d  

f o r  some a p p r e c i a b l e  t i m e .  T h is  may b e  i l l u s t r a t e d  a s  shown i n  d iag ra m  7 .

T hese  t e s t s  show t h a t  p i l o t s  b la c k  o u t  o n ly  when s u b je c t e d  t o  a 

s u f f i c i e n t l y  h ig h  G v a lu e  m a in ta in e d  f o r  a  c e r t a i n  p e r io d  o f  t i m e .  I t  would 

seem t h a t  t h e  amount o f  G n e c e s s a r y  v a r i e s  w i t h  t h e  i n d i v i d u a l .

W h i l s t  i t  h a s  been  shown t h a t ,  w i th  t h e  lo w e s t  G v a l u e  n e c e s s a r y  t o

p ro d u ce  b l a c k i n g  o u t ,  i t  i s  n e c e s s a r y  f o r  t h i s  v a lu e  t o  b e  m a in ta in e d  i t  does

n o t  f o l l o w  t h a t  h i g h e r  G v a lu e s  w i l l  n o t  c au se  b l a c k i n g  o u t  i m n e d ia t e ly  t h e y  

a r e  a p p l i e d .  To show t h a t  t h i s  i s  n o t  so t h e  f o l l o w in g  t e s t s  w ere  p e r fo rm e d .  

T e s t  N o .2.

The p i l o t s  w ere  asked t o  f l y  a s  b e f o r e  a t  5 ,0 0 0  f e e t  and t h e n ,  by means

o f  p u l l i n g  o u t  o f  a  d i v e ,  t o  r e c o r d  a s  h ig h  a  G as  p o s s i b l e  i n  a s  s h o r t  a  t im e

a s  p o s s i b l e  b u t  n o t  t o  m a in ta in  t h a t  G v a l u e .  T h is  t e s t ,  o f  c o u r s e ,  was n o t

w i t h o u t  d a n g e r .  T here  i s  n a t u r a l l y  a  l i m i t  t o  t h e  amount o f  G one can  a p p ly

t o  a n  a e r o p l a n e  and i f  one  e x c ee d s  t h a t  t h e  a e r o p la n e  w i l l  b re a k  i n t o  p i e c e s .

I  made e n q u i r i e s ,  how ever ,  and was in fo rm ed  by a  t e s t  p i l o t  t h a t  t h e  modern 

a e r o p l a n e  i s  s t r e s s e d  t o  w i t h s t a n d  9 G. D uring  t h e i r  t r i a l s  t h i s  f i g u r e  i s  

e xceeded  however and I  am t o l d  t h a t ,  i n  p r a c t i c e ,  t h e  a e r o p l a n e s  w i l l  r e s i s t  

f rom  12 t o  15 G.



Owing t o  t h e  d a n g e ro u s  n a t u r e  o f  t h e  t e s t  t h e  e x p e r im e n t  was l i m i t e d  

t o  two p i l o t s  b o th  o f  whom b la c k e d  o u t  a t  a p p ro x im a te ly  7 G. They w ere 

i n s t r u c t e d  n o t  t o  exceed 9 G t h u s  l e a v in g  what seemed t o  be a  r e a s o n a b le  m arg in  

o f  s a f e t y .  They w ere  t o  a p p ly  t h e  G v a lu e  as  s u d d e n ly  a s  p o s s i b l e  b u t  w ere  

n o t  t o  m a i n t a i n  i t .  I n  each  c a s e  t h e  p i l o t  e a s i l y  r e c o r d e d  t h e  r e q u i r e d  

f i g u r e  and on one o c c a s io n  one o f  t h e  p i l o t s  exceeded  i t .

I n  no c a se  d id  t h e  p i l o t  b l a c k  o u t  n o r  d id  he e x p e r i e n c e  any o f  t h e  

p r e l i m i n a r y  symptoms.

B la c k in g  o u t  i s  n o t  caused  t h e r e f o r e  by a  s u d d e n ly  a p p l i e d  a c c e l e r a t i o n  

o f  v a lu e s  up t o  a t  l e a s t  9 G. I t  would a p p e a r  t h e n ,  t h a t ,  f o r  t h e  b la c k in g  

o u t ,  t h e  G v a lu e  n o t  o n ly  be o f  s u f f i c i e n t  m agn itude  b u t  a l s o  t h a t  i t  be 

m a i n t a i n e d .  T h is  i s  most im p o r ta n t  from  t h e  p o i n t  o f  v iew  o f  p h y s io lo g y  and 

w i l l  be  d i s c u s s e d  l a t e r .

I n  t e s t  N o . l ,  I  have  shown t h a t  w h i l s t  p e r fo rm in g  a  lo o p  t h e  p i l o t  o f  an

a e r o p l a n e  w i l l  b l a c k  o u t  i f  he  m a i n t a i n s  a  c e r t a i n  G v a lu e  f o r  a  d e f i n i t e  p e r i o d

o f  t i m e .  I f  t h i s  w ere  t h e  o n ly  manoeuvre i n  w hich b l a c k i n g  o u t  o c c u r s  i t  

would seem t h a t  t h e  p o s i t i o n  o f  t h e  p i l o t  i s  a l s o  a n  e x c i t i n g  f a c t o r .

I n  p e r fo rm in g  t h e  loop  t h e  p i l o t  i s  a lw ays  u p s id e -d o w n  d u r in g  t h e  b l a c k i n g  out 

s t a g e  and t h e r e f o r e  l i a b l e  t o  s t a s i s  i n  t h e  c e r e b r a l  v e s s e l s .  But a  p i l o t  may 

b l a c k  o u t  w h i l s t  p e r f o r m in g  o t h e r  m anoeuv res .

T e s t  N o .3.

F o r  t h e  p u rp o se  o f  t h i s  t e s t  t h e  p i l o t s  w ere  a g a in  asked  t o  f l y  a t

5 ,0 0 0  f e e t  and a f t e r  a t t a i n i n g  s u f f i c i e n t  speed  t o  t u r n  q u i c k ly  w i t h  s t e e p

bank and h o ld  t h e  m achine i n  t h e  t u r n  f o r  a s  long  a s  p o s s i b l e .  D uring t h i s  

m anoeuvre t h e  p i l o t  may be i n c l i n e d  a t  an  a n g le  o f  a n y th in g  u n d e r  90° f ro m  t h e  

v e r t i c a l .  At no t im e  how ever , i s  h i s  head  s i t u a t e d  low er  t h a n  h i s  h e a r t  o r



o t h e r  p o r t i o n  o f  h i s  b o d y .  High G v a lu e s  may be r e c o rd e d  i n  su c h  a  t u r n  and 

may be m a in ta in e d  f o r  a  l o n g e r  t im e  t h a n  i s  p o s s i b l e  i n  a  l o o p .  But even h e r e  

t h e r e  i s  a  l i m i t  f o r  s o o n e r  o r  l a t e r  t h e  speed o f  t h e  m achine d e c r e a s e s .

D uring  t h i s  e x p e r im e n t  t h e  p i l o t s  found  t h a t  t h e y  b la c k e d  o u t  a s  b e f o r e  

a t  from  5 t o  6 G b u t  t h a t  t h e y  c o u ld  p ro lo n g  t h e  p e r io d  o f  b l a c k in g  o u t  much 

l o n g e r .  Most o f  t h e  p i l o t s  c o u ld  p r o lo n g  t h e  b l a c k i n g  o u t  f o r  from  5 t o  6 

se c o n d s  and i n  one c a se  t h e  p i l o t  succeeded  i n  m a i n t a i n in g  i t  f o r  from  10 t o  

12 s e c o n d s .

I t  was a l s o  found  d u r in g  t h i s  t e s t  t h a t  by m a i n t a i n in g  a  low G v a lu e  

o f  from  4 t o  5 G) i t  was p o s s i b l e  t o  e x p e r i e n c e  t h e  d im ness  o f  v i s i o n  w i th o u t  

a c t u a l l y  b l a c k i n g  o u t .  I n  no c a s e  however d id  t h e  p i l o t  a c t u a l l y  become 

u n c o n s c io u s .

Thus we s e e  t h a t  i n  m a i n t a i n in g  v a r i o u s  d e g r e e s  o f  G d i f f e r e n t  symptoms 

a r e  e x p e r i e n c e d .  By m a i n t a i n in g  a  low G v a lu e  no symptoms a t  a l l  a r e  f e l t .

I f  we i n c r e a s e  t h e  G however and m a in ta in  i t  we may e x p e r i e n c e  d im ness  o f  

v i s i o n  w h i l s t  i f  we i n c r e a s e  i t  s t i l l  f u r t h e r  b l a c k i n g  o u t  t a k e s  p l a c e .  I t  

may be t h a t  t h e  s t a g e  o f  u n c o n s c io u s n e s s  i s  o n ly  o b t a i n e d  by  m a in ta in in g  a  s t i l l  

h i g h e r  v a lu e  o f  G. Some o f  t h e  p i l o t s  w ere  a n x io u s  t o  t r y  and d e m o n s t r a te  

t h i s  b u t  a s  t h e  r i s k  i s  enormous I  was n o t  p r e p a re d  t o  a c c e p t  t h e  r e s p o n s i b i l i t y ,

From t h e s e  t e s t s  i t  i s  s e e n  t h a t  t h e  p o s i t i o n  o f  t h e  p i l o t ,  r e l a t i v e  t o  

t h e  g ro u n d ,  i s  n o t  a n  im p o r ta n t  f a c t o r .  As r e g a r d s  t h e  p o s i t i o n  one f a c t o r  

o n ly  i s  common t o  b o t h  m ano eu v res .  T ha t  i s  t h a t  i n  b o th  c a s e s  t h e  head o f  t h e  

p i l o t  i s  d i r e c t e d  to w a rd s  t h e  c e n t r e  o f  r o t a t i o n  and t h u s  t h e  a c c e l e r a t i o n  i s  

a c t i n g  i n  a  head t o  f e e t  d i r e c t i o n .  In  p e r fo rm in g  an o u t - s i d e  lo o p ,  a 

m anoeuvre w hich  i s  now f o r b i d d e n ,  t h e  p i l o t s ,  I  am t o l d ,  d id  n o t  e x p e r ie n c e  

b l a c k i n g  o u t  b u t  s u f f e r e d  from  w hat was c a l l e d  " r e d d in g  o u t " .  I n  t h a t  e v e ry -
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t h i n g  became r e d .  D uring t h i s  manoeuvre t h e  p i l o t ' s  f e e t  were d i r e c t e d  t o 

w ard s  t h e  c e n t r e  o f  r o t a t i o n  and t h e  a c c e l e r a t i o n  was a c t i n g  i n  a f e e t  t o  head 

d i r e c t i o n .

T h a t  " b la c k in g  o u t "  was due t o  t h e  e f f e c t s  o f  a c c e l e r a t i o n  on t h e  

c i r c u l a t i o n  now seemed c l e a r  and i t  was d e c id e d  t o  t r y  t h e  e f f e c t  o f  w ea r in g  

an  a bdom ina l  b e l t .  I t  was th o u g h t  t h a t  such  an a p p l i a n c e  would r e l i e v e  any 

d r a g  on t h e  m e s e n t e r i e s  caused  by t h e  a c c e l e r a t i o n  a c t i n g  on t h e  abdom ina l 

o rg a n s  and t h a t  i t  would a l s o  p r e v e n t  t h e  b lood p o o l in g  i n  t h e  abdom ina l  v e s s e l s .  

I t  was r e a l i s e d  t h a t  t h e  abdom ina l v e s s e l s  d id  n o t  c o n s t i t u t e  t h e  w hole  o f  t h e  

p e r i p h e r a l  c i r c u l a t i o n  and a l s o  t h a t ,  d u r in g  t h e  a c c e l e r a t i o n ,  t h e  l e g s  a r e  a l s o  

p la c e d  h y d r o s t a t i c a l l y  downwards. But i t  was f e l t  t h a t  t h e  abdomen c e r t a i n l y  

c o n ta in e d  t h e  g r e a t e s t  p a r t  o f  t h e  c i r c u l a t i o n  and t h a t  t h e  p o o l in g  i n  t h e  o t h e r  

p a r t s  o f  t h e  body was p r o b a b ly  n e g l i g i b l e .

Two d i f f e r e n t  t y p e s  o f  abdom ina l  b e l t s  w ere  t r i e d  and t h e  r e s u l t s  w ere 

a s  f o l l o w s .  The f i r s t  was more i n  t h e  form  o f  a n  a b dom ina l  b in d e r  and was 

i n te n d e d  m ere ly  t o  a s s i s t  t h e  abdom ina l  m u sc le s  i n  m a i n t a i n in g  t h e i r  t o n e .  I t  

was made o f  s t i f f  buckram and l i n e d  i n s i d e  w i th  s i l k .  The f r o n t ,  w hich  was o f  

d o u b le  t h i c k n e s s ,  was shaped  t o  f i t  down o v e r  t h e  p u b i s  and t o  l i e  a lo n g  t h e  

l i n e  o f  t h e  g r o i n .  Above, i t  rea c h e d  t o  t h e  l e v e l  o f  t h e  10 th  r i b .  (See  

d ia g ra m  8 ) .

The b e l t  was made t o  f i t  one p i l o t  and c o u ld  n o t  b e  worn by any  o f  t h e  

o t h e r s .  S e v e r a l  t e s t s  w ere  made b u t  w i t h  no s u c c e s s .  The b e l t  d id  n o t  f i t  

c l o s e l y  t o  t h e  abdomen, was u n c o m f o r ta b le  t o  w ea r  and c h a f f e d  t h e  s k i n .  When 

t h e  p i l o t  s a t  down t h e  f r o n t  o f  t h e  b e l t  b e n t  f o rw a rd s  and formed c r e a s e s .  No 

m a t t e r  how f i r m l y  t h e  low er s t r a p s  w ere  f i x e d  t h i s  c o u ld  n o t  be e l i m i n a t e d .  I t  

h ad  no e f f e c t  w h a ts o e v e r  on t h e  p o i n t  a t  w hich  t h e  p i l o t  b lac k e d  o u t  and m ere ly
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made i t  i m p o s s ib l e  f o r  him  t o  rem a in  i n  t h e  a i r .

A second b e l t  was t h e r e f o r e  d e s igned  and c o n s t r u c t e d ,  t h i s  t im e  i n  t h e  

fo rm  o f  an a b dom ina l  c o r s e t .  I t  was in te n d e d  t o  f i t  more c l o s e l y  t o  t h e  

abdomen and t o  a c t  a s  s u p p o r t  t o  t h e  o rg a n s  as  w e l l  a s  t o  i n c r e a s e  t h e  

m u sc u la r  t o n e .  T h is  b e l t  was made o f  s e m i - e l a s t i c  t r i c o t ,  a  m a t e r i a l  w hich 

s t r e t c h e s  s l i g h t l y  i n  one d i r e c t i o n  o n ly .  The f r o n t  o f  t h e  b e l t ,  w here  t h e  

e l a s t i c i t y  was i n  a  v e r t i c a l  d i r e c t i o n ,  was made i n  one p i e c e  and re a c h e d  from  

t h e  low er end o f  t h e  s te rn u m  t o  t h e  p u b i s .  The t o p  was shaped  t o  f i t  j u s t  

o v e r  t h e  r i b s  w h i l s t  t h e  low er end j u s t  covered  t h e  c r e s t  o f  t h e  i le u m .  A

j o c k - s t r a p  was f i t t e d  t o  keep  t h e  low er  end i n  p o s i t i o n  when t h e  p i l o t  s a t

down. At t h e  back and s i d e s  t h e  b e l t  was d e s ig n e d  t o  s t r e t c h  s l i g h t l y  i n  a 

h o r i z o n t a l  d i r e c t i o n .  F o u r  s t r a p s  were f i t t e d  a t  t h e  back so t h a t  t h e  

t e n s i o n  on t h e  f r o n t  c o u ld  b e  v a r i e d  a t  any p o i n t .  The b e l t  was f a s t e n e d  

down t h e  l e f t  hand s i d e ,  and was worn n e x t  t o  t h e  s k i n .  (S e e  d iag ram  9 ) .

At f i r s t  t h e  b e l t  was t r i e d  w i t h  a l l  f o u r  s t r a p s  drawn t i g h t l y .

T h is  made i t  s l i g h t l y  u n c o m f o r ta b le  as  i t  r e s t r i c t e d  b r e a t h i n g  and caused  a 

d e s i r e  t o  m i c t u r a t e .  The p i l o t s  s t i l l  b l a c k e d  o u t  b u t  f e l t  t h a t  t h e y  took  

l o n g e r  t o  r e c o v e r .  T h is  was th o u g h t  t o  be due t o  t h e  c o n s t r i c t i o n  o f  t h e  

d iap h ra g m  f o r ,  i f  t h e  b lood  was p o o l in g  i n  t h e  v e s s e l s  o f  t h e  abdomen t h i s  

c o n s t r i c t i o n  would p r e v e n t  i t s  r e t u r n .  A c c o rd in g ly  t h e  b e l t  was t r i e d  a g a in  

b u t  t h i s  t im e  t h e  u p p e r  s t r a p s  were lo o s e n e d  s u f f i c i e n t l y  t o  make r e s p i r a t i o n  

e a s y  and c o m f o r t a b l e .  T h is  t im e  i t  was found  t h a t  w h i l s t  t h e  p i l o t s  s t i l l  

b l a c k e d  o u t  a s  b e f o r e  t h e r e  was no f e e l i n g  o f  w e ig h t  i n  t h e  abdomen. Also

i n  m ost c a s e s  t h e  d im ness  o f  v i s i o n  p r e c e d in g  t h e  b l a c k i n g  o u t  was n o t  so

marked and on l e n d in g  t h e r e  was no f e e l i n g  o f  f a t i g u e .

I t  was t h e r e f o r e  d e c id e d  t o  a p p ly  more p r e s s u r e  t o  t h e  m id d le  o f  t h e
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abdomen and so a  f u r t h e r  a t t e m p t  was made. On t h i s  o c c a s io n  a p n eu m atic  pad 

c o n t a i n i n g  a  v e ry  s m a l l  q u a n t i t y  o f  a i r  was i n s e r t e d  be tw een  t h e  b e l t  and t h e  

abdomen a t  t h e  l e v e l  o f  t h e  u m b i l i c u s .  A f te r  many t r i a l s ,  d u r in g  w hich  b o th  

lo o p s  and s t e e p  t u r n s  were p e rfo rm ed  i t  was found t h a t  t h e  b e l t  e l im in a te d  t h e  

e f f e c t s  o f  m a i n t a i n in g  G v a lu e s  up t o  and i n c l u d i n g  6 G a s  r e c o r d e d  on my 

a c c e l e r o m e t e r .  B la c k in g  o u t  s t i l l  o c c u r r e d  a t  7 G b u t  i t  came on w i th o u t  any 

p r e l i m i n a r y  s i g n s .  The m a in te n a n c e  o f  low er G v a lu e s  d id  n o t  p ro d u ce  dim ness 

o f  v i s i o n  a s  b e f o r e .  T h is  was checked by r e p e a t e d  t e s t s  w i th  and w i th o u t  t h e  

b e l t .

One o t h e r  t e s t  was c a r r i e d  o u t  w i th  t h e  b e l t .  A p i l o t  from  a n o th e r  

s t a t i o n ,  who b la c k e d  o u t  e a s i l y  and had o f t e n  become u n c o n s c io u s ,  c o n s e n te d  to  

t r y  t h e  e f f e c t s  o f  t h e  b e l t .  W h i l s t  f l y i n g  a s  a  p a s s e n g e r  i n  a  t w o - s e a t e r  

a e r o p l a n e ,  t h i s  p i l o t  was f i r s t  o f  a l l  b la c k e d  o u t  d u r in g  a  s t e e p  t u r n .  The 

m anoeuvre was t h e n  r e p e a te d  w i t h  t h e  b e l t  i n  p o s i t i o n .  No pneum atic  pad was 

u s e d  and no p r e s s u r e  o t h e r  t h a n  t h a t  o f  t h e  t i g h t l y  drawn s t r a p s  was a p p l i e d .

I n  h i 8 r e p o r t  a f t e r w a r d s  he s t a t e d  t h a t ,  when he was n o t  u s in g  t h e  b e l t ,  h e  had  

b l a c k e d  o u t  and rem ained  i n  t h a t  c o n d i t i o n  u n t i l  t h e  end o f  t h e  manoeuvre w hich 

l a s t e d  f o r  a p p ro x im a te ly  30 t o  40 s e c o n d s .  On t h e  second  o c c a s io n  t h e  same 

G v a lu e  was r e c o r d e d  a s  b e f o r e  and t h e  manoeuvre l a s t e d  f o r  a p p ro x im a te ly  t h e  

same l e n g t h  o f  t i m e .  H is  r e p o r t  f o r  t h i s  manoeuvre s t a t e d  t h a t ,  w h i l s t  h e  had  

b la c k e d  o u t ,  h e  had  n o t  rem a in ed  i n  t h a t  c o n d i t i o n .  The b l i n d n e s s  had 

a l t e r n a t e d  s e v e r a l  t im e s  w i t h  p e r i o d s  o f  d im ness  o f  v i s i o n  and had n e v e r  been  

so c o m p le te  a s  on t h e  p r e v io u s  t e s t .  I t  i s  i n t e r e s t i n g  t h a t  t h i s  man i s  a 

h y p o t e n s i v e  h a v in g  a  b lood  p r e s s u r e  n o r m a l ly  o f  92 mm. s y s t o l i c  and 55 mm. 

d i a s t o l i c .  On l a n d in g  a f t e r  t h e  f i r s t  t e s t  h i s  b lood  p r e s s u r e  was found t o  

be  77 mm. s y s t o l i c  and 55 mm. d i a s t o l i c .  A f t e r  t h e  second  t e s t  h i s  b lood
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p r e s s u r e ,  on l a n d i n g ,  was 115 mm. s y s t o l i c  and 80 mm. d i a s t o l i c  w h i l s t  a f t e r  

one  h o u r  i t  was 105 mm. s y s t o l i c  and 64 mm. d i a s t o l i c .  By t h e  n e x t  day  i t  

had  r e t u r n e d  t o  i t s  n o rm a l  v a lu e .

These  e x p e r im e n t s  w i th  t h e  abdom ina l  b e l t  show s e v e ra j .  t h i n g s .  F i r s t  

t h a t  by a p p ly in g  p r e s s u r e  t o  t h e  a bdom ina l  w a l l  i t  i s  p o s s i b l e  t o  

a l l e v i a t e  t o  some e x t e n t  t h e  e f f e c t s  o f  a c c e l e r a t i o n  and t h a t  t h e  more 

p r e s s u r e  one  a p p l i e s  t h e  g r e a t e r  i s  t h e  b e n e f i t  o b t a i n e d .  I t  a l s o  shows, 

h o w e v e r ,  t h a t ,  i n  t h e  n o rm a l  i n d i v i d u a l  a t  l e a s t ,  t h e  p r e s s u r e  r e q u i r e d  to  

p r e v e n t  b l a c k i n g  o u t  i s  q u i t e  c o n s i d e r a b l e .  T h is  i s  due t o  t h e  f a c t  t h a t  

one can  a p p ly  p r e s s u r e  t o  o n ly  one w a l l  o f  t h e  abdomen. The d iaph ragm , w hich  

i s  a n o th e r  w a l l ,  must be l e f t  f r e e  as  r e s t r i c t i o n  o f  t h i s  w i l l  m ere ly  p ro lo n g  

t h e  c o n d i t i o n .  T hese  f a c t o r s  c e r t a i n l y  s u g g e s t  t h a t  t h e r e  i s  a  p o o l in g  o f  

b lood  i n  t h e  abdomen b u t ,  o f  c o u r s e ,  do n o t  p ro v e  t h a t  t h i s  does  n o t  o c c u r  

e l s e w h e re  a s  w e l l .  They do s u g g e s t ,  how ever ,  t h a t  t h e  abdom ina l  p o o l in g  i s  

b y  f a r  t h e  most im p o r ta n t  and t h a t  i t s  c o m p le te  p r e v e n t i o n ,  p r o v id in g  i t  can 

b e  done w i t h o u t  d i s c o m f o r t ,  w i l l  p r e v e n t  b l a c k i n g  o u t  d u r in g  any a c c e l e r a t i o n  

l i k e l y  t o  b e  e n c o u n te re d  i n  p r e s e n t  day a e r o p l a n e s .  The l a s t  t e s t  shows t h a t ,  

i n  t h e  h y p o te n s iv e  a t  l e a s t ,  t h e  b e l t  does  i n c r e a s e  t h e  abdom ina l  t o n e  and so 

i n c r e a s e s  t h e  b lo o d  p r e s s u r e .

As t h e r e  i s  some r e s e m b la n c e  i n  t h e  symptoms o f  b l a c k i n g  o u t  t o  t h o s e  

o f  oxygen l a c k  i t  was d e c id e d  t o  t r y  t h e  e f f e c t  o f  i n c r e a s e d  o x y g e n a t io n  o f  t h e  

b l o o d .  Thus s e v e r a l  t e s t s  w ere  made d u r in g  w hich  t h e  p i l o t s ,  w h i l s t  f l y i n g  a t

5 ,0 0 0  f e e t ,  u sed  t h e  r e q u i s i t e  amount o f  oxygen f o r  f i r s t l y  10 ,000  f e e t  and 

l a t e r  f o r  15 ,000  f e e t .  No b e n e f i t  w h a ts o e v e r  was o b ta in e d  and i n  f a c t  t h e r e  

was no d i f f e r e n c e  i n  t h e  symptoms.

T h is  conc luded  t h e  i n v e s t i g a t i o n .  D uring t h e  e x p e r im e n ts  t h e
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f o l l o w i n g  f a c t o r s  w ere  d e m o n s t r a te d .

1 .  T ha t  " b l a c k in g  o u t "  o n ly  o c c u rs  a f t e r  a  c e r t a i n  
a c c e l e r a t i o n  i s  a p p l i e d .

2 .  T ha t  t h e  r e q u i s i t e  amount o f  a c c e l e r a t i o n  i s  d i f f e r e n t  
i n  d i f f e r e n t  i n d i v i d u a l s .

3 .  T ha t  t h e  a c c e l e r a t i o n  must be m a in ta in e d  b e f o r e  t h e  
symptoms o c c u r .  They a r e  n o t  produced  by t h e  sudden 
a p p l i c a t i o n  o f  even h ig h  v a lu e s  o f  a c c e l e r a t i o n  so long 
a s  i t  i s  n o t  m a in ta in e d .

4 .  That i n c r e a s i n g  amounts o f  a c c e l e r a t i o n  p roduce  
i n c r e a s i n g  d e g re e s  o f  t h e  c o n d i t i o n .

5 .  T ha t  t h e  c o n d i t i o n  can  be a l l e v i a t e d  by p r e s s u r e  on t h e  
abdomen and t h a t  t h e  g r e a t e r  t h e  p r e s s u r e  t h e  g r e a t e r  i s  
t h e  r e l i e f  o b t a i n e d .

6 .  The more e a s i l y  an i n d i v i d u a l  b l a c k s  o u t  t h e  g r e a t e r  i s  
t h e  b e n e f i t  o b t a in e d  by p r e s s u r e  on t h e  abdomen.

7 .  R e s t r i c t i o n  o f  t h e  d iaphragm  p ro lo n g s  t h e  e f f e c t s  o f  
t h e  c o n d i t i o n .

8 .  No b e n e f i t  i s  o b t a in e d  by i n c r e a s e d  o x y g e n a t io n  o f  t h e  
b lo o d .

These  p o i n t s  a r e  a l l  o f  v a lu e  i n  h e lp in g  us  t o  f i n d  t h e  ca u se  o f  th e  

c o n d i t i o n  and a l s o  i n  f i n d i n g  some p r a c t i c a l  method o f  p r e v e n t i o n .
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GENERAL DISCUSSION.

As we have s e e n  t h e  symptoms o f  " b la c k in g  o u t "  a r e  i m p r e s s i v e .  T h is  

i s  e s p e c i a l l y  so i n  t h e  c a se  o f  t h e  b l i n d n e s s  d u r in g  w hich  none o f  t h e  o t h e r  

s e n s e s  a r e  a f f e c t e d .  I t  i s  n a t u r a l  t h e r e f o r e *  t h a t ,  i n  s e e k in g  a  c au se  f o r  

t h e  c o n d i t i o n ,  o u r  t h o u g h t s  Should t u r n  t o  t h i s  symptom. Why s h o u ld  v i s i o n  

a lo n e  be im p a ir e d  w h i l s t  o t h e r  p a r t s  o f  t h e  b r a i n  c o n t in u e  t h e i r  f u n c t i o n ?  I t  

i s  t r u e  t h a t  u n c o n s c io u s n e s s  d o e s  o c c u r  b u t  o n ly  when h i g h e r  a c c e l e r a t i o n s  a r e  

em ployed . T ha t  t h e  c o n d i t i o n  i s  due to  t h e  e f f e c t s  o f  a c c e l e r a t i o n  t h e r e  can 

b e  no d o u b t .  The e a r l i e r  e x p e r im e n ts  showed t h a t  i t  o n ly  o c c u rs  when an 

a c c e l e r a t i o n  o f  s u f f i c i e n t  m agn itude  i s  b e in g  m a in ta in e d  and i t s  d e g re e  depends  

on t h e  amount o f  t h a t  a c c e l e r a t i o n .  But why s h o u ld  a c c e l e r a t i o n  a f f e c t  an 

an i n d i v i d u a l  i n  t h a t  p a r t i c u l a r  way? L e t  u s  t r y  t o  f i n d  t h e  r e a s o n ,  w ork ing  

backw ards from  t h e s e  symptoms and u s in g  a l l  t h e  knowledge a t  o u r  d i s p o s a l .

Cause o f  Loss o f  V i s io n .

Sudden l o s s  o f  v i s i o n  may be p roduced  i n  two w ays, nam ely  by i n j u r y  t o  

any  p a r t  o f  t h e  o p t i c a l  sy s tem  o r  by anaem ia  o f  any p a r t  o f  t h a t  s y s te m .  The 

f i r s t  o f  t h e s e  may b e  d i s m is s e d  su m m ari ly .  Any i n j u r y ,  s u f f i c i e n t l y  s e v e r e  

t o  c a u se  b l i n d n e s s ,  would n o t  be so e v a n e s c e n t  and c a u se  such  a  te m p o ra ry  d e f e c t  

a s  i s  found i n  " b la c k in g  o u t " .  Such an i n j u r y  would r e q u i r e  t o  be due to  

movement o f  t h e  b r a i n  u n d e r  t h e  a c c e l e r a t i o n  and so t h e  g r e a t e r  t h e  f o r c e  o f  

t h e  a c c e l e r a t i o n  t h e  g r e a t e r  would  be t h e  i n j u r y .  But t h i s  i s  n o t  so w i th  

" b la c k in g  o u t " .  We have found  on i n v e s t i g a t i o n  t h a t  one e s s e n t i a l  p o i n t  i s  

t h a t  t h e  a c c e l e r a t i o n  be m a in ta in e d  and t h a t  g r e a t  a c c e l e r a t i o n s  can  be a p p l i e d  

s u d d e n ly  w i t h o u t  e f f e c t .  The f a c t  t h a t  a  l a t e n t  p e r io d  i s  p r e s e n t  i s  v e ry  

i m p o r t a n t .  I t  shows im m e d ia te ly  t h a t  t h e  e f f e c t s  o f  t h e  a c c e l e r a t i o n  a r e  

somehow c o n n e c te d  w i t h  t h e  c i r c u l a t i o n  -  i n  o t h e r  w ords t h a t  t h e  e f f e c t s  a r e
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due t o  a n a em ia .  But w hich  p a r t  o f  t h e  o p t i c a l  sy s te m  does t h i s  anaem ia 

a f f e c t ?  I s  i t  a  p a r t  i n s i d e  t h e  c ran ium  o r  i s  i t  t h e  eye i t s e l f ?  The b r a i n  

we know, i s  s e m i - f l u i d  end c a p a b le  o f  movements u n d e r  a c c e l e r a t i o n  i n  w hich  

c a s e  p r e s s u r e  m igh t o c c u r  a t  v a r i o u s  p o i n t s  end c a u se  a n a e m ia .  Fo r  example 

p r e s s u r e  m igh t o c c u r  on t h e  c a l c a r i n e  f i s s u r e  w i th  r e s u l t a n t  b l i n d n e s s  o f  

c o n s c io u s  p e r c e p t i o n  o r  t h e  b r a i n  m igh t be p r e s s e d  i n t o  t h e  foram en magnum w i th  

o c c l u s i o n  o f  t h e  v a s c u l a r  s u p p ly .  But none o f  t h e s e  s u p p o s i t i o n s  w i l l  e x p la i n  

why o n ly  p a r t  o f  t h e  b r a i n  i s  a f f e c t e d  and  why, e x c ep t  i n  ex trem e c a s e s ,  o n ly  

t h e  s e n s e  o f  v i s i o n  i s  im p a i r e d .  C e r t a i n l y  i t  i s  p o s s i b l e  f o r  one p a r t  o f  t h e  

ce reb rum  a lo n e  t o  s u f f e r  from  8naem ia f o r ,  b e c a u s e  o f  t h e  f a l x  c e r e b r i  and f a l x  

c e r e b e l l i  p r e s s u r e  i s  n o t  communicated th r o u g h o u t  t h e  c r a n i a l  c a v i t y .  But 

d u r in g  a c c e l e r a t i o n  t h e  w hole  b r a i n  w i l l  move, i f  a t  a l l .  And i t  i s  p o s s i b l e  

f o r  even s m a l l  movements o f  t h e  b r a i n  t o  c a u se  u n c o n s c i o u s n e s s .  Some ho ld  

t h a t  m ere v i b r a t i o n  o f  t h e  b r a i n  w i l l  i n t e r f e r e  w i th  i t s  f u n c t i o n ,  p u t t i n g  i t  

c r u d e l y ,  by a d i s l o c a t i o n  o f  t h e  n e u r o n e s .  D ure t  h o l d s  t h a t  c e r e b r a l  anaem ia  

may be caused  by a wave o f  c e r e b r a l  f l u i d  s t i m u l a t i n g  t h e  r e s t i f o r m  b o d i e s .

But t h a t ,  a c c o r d in g  t o  McDowall, i s  r a t h e r  c o n j e c t u r a l .  C e r t a i n l y  we must 

look  f u r t h e r  t h a n  p r e s s u r e  on t h e  b r a i n  i t s e l f  f o r  o u r  e x p l a n a t i o n  o f  " b la c k in g  

o u t " .  We a r e  now l e f t  w i t h  t h e  e x p l a n a t i o n  t h a t  i t  i s  due t o  anaem ia  o f  t h e  

eye  i t s e l f .  Can t h i s  h y p o t h e s i s  e x p l a i n  a l l  t h e  symptoms? I ,  m y s e l f ,  t h in k  

t h a t  i t  d o e s .

We h a v e  a lre a d y  s e e n  t h a t  t h e  r e t i n a  o f  t h e  eye h a s  a  b lood  s u p p ly  o f  

i t s  own by  way o f  t h e  C e n t r a l  A r te r y  o f  t h e  R e t i n a .  I f  t h e n  t h i s  a r t e r y  i s  

o cc lu d ed  t h e  r e t i n a  w i l l  s u f f e r  f ro m  anaem ia  and b l i n d n e s s  w i l l  o c c u r .  The 

a r te r y  e n t e r s  t h e  eye v i a  t h e  o p t i c  n e r v e  w h ich  i t  p i e r c e s  2 cms. b e h in d  t h e  

bulb  o f  t h e  e y e .  A wave o f  c e r e b r a l  f l u i d ,  t h e r e f o r e  p roduced  by t h e
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a c c e l e r a t i o n  and p a s s in g  a lo n g  t h e  s h e a t h  o f  t h e  n e rv e  c o u ld  com press t h i s  

v e s s e l .  T h is  p r o b a b i l i t y ,  how ever ,  can  be r e j e c t e d  on t h e  grounds t h a t  once 

a g a in  t h e  e f f e c t s  would  be e v a n e s c e n t  and su d d en .  But t h e r e  i s  a n o th e r  way i n  

w hich  t h e  c e n t r a l  a r t e r y  o f  t h e  r e t i n a  m igh t be o c c lu d e d .

We have  s e e n  t h a t  b lood  e n t e r s  t h e  eye by v i r t u e  o f  t h e  f a c t  t h a t  th e  

b lo o d  p r e s s u r e  e x i s t i n g  i n  t h e  c e n t r a l  a r t e r y  o f  t h e  r e t i n a  i s  g r e a t e r  th a n  t h e  

i n t r a - o c u l a r  t e n s i o n .  I f  t h e n  t h i s  b a la n c e  o f  p r e s s u r e  i s  u p s e t  t h e  r e t i n a  w i l  

s u f f e r  from  a n a e m ia .  I t  i s  o b v io u s  t h a t  t h i s  b a la n c e  may be u p s e t  i n  two w ays .  

F i r s t l y  t h e  i n t r a - o c u l a r  p r e s s u r e  may be i n c r e a s e d  u n t i l  i t  i s  g r e a t e r  t h a n  t h e

p r e s s u r e  i n  t h e  c e n t r a l  a r t e r y  o f  t h e  r e t i n a .  T h is  happens  i n  t h e  d i s e a s e

Glaucoma i n  w hich  one  o f  t h e  p r i n c i p a l  symptoms i s  p a in  i n  t h e  ey e .  But i n  

" b la c k in g  o u t "  t h e r e  i s  no p a in  i n  t h e  e y e s .  The i n c r e a s e  i n  p r e s s u r e  could 

o c c u r  d u r in g  a c c e l e r a t i o n ,  and p ro b a b ly  d o e s ,  by t h e  e y e b a l l  b e in g  p re s s e d

a g a i n s t  t h e  f l o o r  o f  t h e  o r b i t .  But I  do n o t  t h i n k  t h a t  t h i s  p r e s s u r e  i s  g r e a t

enough , o f  i t s e l f ,  t o  c a u se  t h e  b l i n d n e s s .  I t  may, how ever ,  i n c r e a s e  t h e  

i n t r a - o c u l a r  t e n s i o n  t o  a  s l i g h t  d e g re e  and t h u s  may h a v e  an  a d ju v a n t  e f f e c t .

S in c e  t h e  eye  h a s  no s u p p o r t  a n t e r i o r l y  i t  i s  more l i k e l y  t o  c a u se  an  a n t e r o 

p o s t e r i o r  s t r e t c h i n g  a f f e c t i n g  t h e  c o n t i n u i t y  o f  a t t a c h m e n t  o f  t h e  r e t i n a .

T h i s ,  how ever ,  does  n o t  e x p la i n  t h e  symptoms e x p e r ie n c e d  i n  t h e  more s e v e re  

d e g r e e s  o f  " b l a c k in g  o u t " .

The o t h e r  ob v io u s  way i n  w hich  t h e  b a la n c e  may be u p s e t  i s  by a d e c r e a s e

i n  t h e  b lood  p r e s s u r e  e x i s t i n g  i n  t h e  c e n t r a l  a r t e r y  o f  t h e  r e t i n a .  T ha t

t h i s  i s  t h e  a c t u a l  c a u se  o f  " b la c k in g  o u t "  i s  s u g g e s te d  by A ndina  (16) and w i th  

h im  I  e n t i r e l y  a g r e e .  R u f f  (8 )  h a s  shown t h a t ,  w i th  a c c e l e r a t i o n s  o f  o v e r  4  G, 

t h e r e  i s  a  lo w e r in g  o f  t h e  s y s t o l i c  p r e s s u r e  and an i n c r e a s e  o f  p u l s e  r a t e .

The b lo o d  p r e s s u r e  i n  t h e  c e n t r a l  a r t e r y  o f  t h e  r e t i n a  w i l l  n a t u r a l l y  be
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a f f e c t e d .  I t  must be remembered t h a t  t h e  p r e s s u r e  i n  t h a t  v e s s e l  i s  n o t  t h e

same a s  t h e  g e n e r a l  a r t e r i a l  b lo o d  p r e s s u r e  b u t  t h e r e  i s  a  d e f i n i t e  r e l a t i o n 

s h i p  be tw e en  t h e  tw o .  A cco rd ing  t o  M a g i to t  and B a i l l i a r t  (10 )  and Duke E l d a r  

(15 )  t h e  r a t i o  i s  g e n e r a l l y  0 .5  t o  1 .  Thus t h e  p r e s s u r e  o f  t h e  c e n t r a l  r e t i n a l  

a r t e r y  i s  a p p ro x im a te ly  60 t o  70 mm. s y s t o l i c  and 35 mm. d i a s t o l i c .  The i n t r a 

o c u l a r  t e n s i o n  v a r i e s  from  20 mm. t o  30 mm. o f  m ercu ry .

I t  h a s  b e e n  shown by A ndina  (16 )  t h a t ,  by e x t e r n a l  p r e s s u r e  on t h e  

e y e b a l l ,  symptoms c a n  be produced  w hich  a r e  i d e n t i c a l  t o  t h o s e  e x p e r ie n c e d  i n  

" b l a c k in g  o u t . "  By means o f  a  dynamometer he h a s  r e c o r d e d  t h e  p r e s s u r e s  

n e c e s s a r y  t o  c a u s e  t h e s e  symptoms. C o r r e l a t i n g  them  w i t h  t h e  p r e s s u r e  i n  t h e  

c e n t r a l  r e t i n a l  a r t e r y  h e  s t a t e s  t h a t  b e f o r e  b l a c k i n g  o u t  o c c u r s  t h a t  p r e s s u r e  

must f a l l  t o  21 ram. o f  m e rc u ry .  He s t a t e s  d e f i n i t e l y  t h a t  h e  i s  p re s u p p o s in g

t h a t  i t  i s  p o s s i b l e  t o  make such  m easurem ents  w i th  t h e  dynamometer and t h a t  t h e

i n t r a - o c u l a r  p r e s s u r e  re m a in s  c o n s t a n t  when t h e  b lood  p r e s s u r e  f a l l s  s u d d e n ly .

I  do n o t  a g r e e ,  how ever ,  t h a t  i t  i s  n e c e s s a r y  t o  p r e s u p p o s e  t h e  l a t t e r .  T here  

i s ,  a s  we know, a p r o t e c t i v e  mechanism r e g u l a t i n g  t h e  i n t r a - o c u l a r  p r e s s u r e  and 

th o u g h  t h i s  m ust be a f f e c t e d  by changes  i n  b lood  p r e s s u r e ,  we a r e  a s s u r e d  by 

S c a r l e t  (3 )  t h a t  t h e  e f f e c t s  a r e  o n ly  m o m e n ta r i ly  and n o t  p e rm a n e n t .  The 

i n i t i a l  f a l l  i n  p r e s s u r e  must be s l i g h t  s i n c e  i t  i s  m a in ly  due t o  f a l l  i n  

p r e s s u r e  i n  t h e  v e s s e l s  o f  t h e  o u t e r  t u n i c s  o f  t h e  e y e .  T h is  can  e a s i l y  be

com pensated  by t h e  e l a s t i c i t y  o f  t h e  f i b r o u s  t u n i c s  and by t h e  i n c r e a s e  i n

t e n s i o n  due t o  p r e s s u r e  o f  t h e  e y e b a l l  on t h e  f l o o r  o f  t h e  o r b i t .  A gain  I  do 

n o t  b e l i e v e  t h a t  t h e  b lood  p r e s s u r e  d ro p s  s u d d e n ly  as  A ndina  s u g g e s t s .  I t  i s  

a  c h a r a c t e r i s t i c  o f  t h e  c o n d i t i o n  t h a t  some t im e  must e l a p s e ,  a f t e r  t h e  

a p p l i c a t i o n  o f  t h e  a c c e l e r a t i o n  b e f o r e  t h e  symptoms a p p e a r  and I  f e e l  s u r e  t h a t  

t h i s  i s  s u f f i c i e n t  f o r  t h e  i n t r a - o c u l a r  t e n s i o n  t o  r e a d j u s t  i t s e l f .  The t h e o r y
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o f  a  f a l l  i n  p r e s s u r e  i n  t h e  c e n t r a l  a r t e r y  b e in g  t h e  im m edia te  c a u se  o f  t h e  

v i s u a l  symptoms seems t o  me t o  be more t h a n  a  p o s s i b i l i t y .  I t  n o t  o n ly  

e x p l a i n s  t h e  v i s u a l  symptoms b u t  when c a r r i e d  f u r t h e r  w i l l  e x p la i n  a l s o  t h e  

o t h e r  symptoms. T ha t  i t  does  n o t  c a u se  perm anen t b l i n d n e s s  i s  p ro b a b ly  due 

t o  t h e  f a c t  t h a t  i t  i s  n e v e r  s u s t a i n e d  f o r  a  s u f f i c i e n t  l e n g th  o f  t im e .

Cause o f  t h e  C e r e b r a l  Symptoms.

D uring  a c c e l e r a t i o n s  o f  o v e r  4 G t h e r e  i s  a  lo w e r in g  o f  t h e  blood 

p r e s s u r e  (10 )  and a l l  t h e  c e r e b r a l  v e s s e l s  a r e  a f f e c t e d .  S in c e  t h e  i n t r a 

o c u l a r  t e n s i o n  m ust be overcome b e f o r e  t h e  r e t i n a  can be s u p p l i e d  w i th  b l o o d » 

t h e r e  i s  a  s t a g e  a t  w hich t h e  b lo o d  c a n n o t  f lo w  i n t o  t h e  eye and y e t  i s  a b le  

t o  s u p p ly  t h e  b r a i n .  T h is  i s  t h e  s t a g e ,  e x i s t i n g  d u r in g  t h e  l e s s e r  

a c c e l e r a t i o n s ,  i n  w hich  t h e r e  i s  b l i n d n e s s  b u t  no u n c o n s c i o u s n e s s .  As t h e  

a c c e l e r a t i o n s  a r e  i n c r e a s e d ,  how ever ,  t h e  f a l l  i n  b lo o d  p r e s s u r e  becomes so 

g r e a t  t h a t  c e r e b r a l  anaem ia  o c c u rs  and u n c o n s c io u s n e s s  i s  e x p e r i e n c e d .

Cause o f  Low ering o f  t h e  Blood P r e s s u r e .

The symptoms o f  " B la c k in g  o u t "  can  t h e r e f o r e  be a c c o u n te d  f o r  by t h e  

t h e o r y  t h a t  d u r in g  a c c e l e r a t i o n  t h e r e  i s  a  f a l l  i n  b lo o d  p r e s s u r e .  But how 

d o e s  t h i s  f a l l  o c c u r?  I s  i t  t h a t ,  s i n c e  t h e  a c c e l e r a t i o n  i s  i n  t h e  head  to  

f e e t  d i r e c t i o n  t h e  b lood  i s  s h o t  down t h e  c a r o t i d s  o r  i s  i t  due  t o  some o t h e r  

c a u se ?  C e r t a i n l y  a t  t h e  b e g in n in g  t h e  f i r s t  o f  t h e s e  i s  bound t o  o c c u r  b u t  

i t  c a n n o t  b e  t h e  c a u s e  o f  " b la c k in g  o u t " .  I f  i t  w ere  t h e  symptoms would 

o c c u r  im m e d ia te ly  h i g h  a c c e l e r a t i o n s  w ere  a p p l i e d .  They would d i s a p p e a r  

w h i l e  t h e  a c c e l e r a t i o n  was s t i l l  a c t i n g  and would n o t  o c c u r  a t  a l l  w i th  a 

g r a d u a l l y  a p p l i e d  a c c e l e r a t i o n .  Im m e d ia te ly  t h e  b lood  i s  th row n  down t h e  

c a r o t i d s  i t  w i l l  b e  pumped back  a g a in  by t h e  h e a r t  and t h e r e  w i l l  n e v e r  be 

more t h a n  a  te m p o ra ry  a n a em ia .  A ccord ing  t o  Koch, t h e  c a r o t i d  s in u s  i s
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s t i m u l a t e d  t o  i n c r e a s e  i t s - o u t - p u t .  T here  w i l l ,  o f  c o u r s e ,  be a  s l i g h t  

d e l a y  i n  a c c o rd a n c e  w i t h  t h e  r e f l e x  t im e  o f  t h e  c a r o t i d  s i n u s .  This 

a c t u a l l y  does  o c c u r .  Koenen and Ranke (10 )  found t h a t  on a p p ly in g  a c c e l e r 

a t i o n s  t o  a n a e t h e t i s e d  dogs by r o t a t i n g  them  on a  c e n t r i f u g e  t h e  b lo o d  p r e s s u r  

a t  f i r s t  d ro p s  b u t  r i s e s  a g a in  a f t e r  18 t o  20 s e c o n d s .  D uring  a c c e l e r a t i o n s  

o f  more t h a n  4 G, how ever , t h e  c a r o t i d  p r e s s u r e  i s  a lw ays  below z e r o .

F i s c h e r  (9 )  h a s  gone f u r t h e r  and i n  an e x c e l l e n t  p ap e r  d e s c r i b e s  s e v e r a l  

e x p e r im e n t s  p e r fo rm e d  on monkeys. By means o f  m oun ting  an X Ray a p p a r a tu s  

on a c e n t r i f u g e  he h a s  X ray ed  t h e s e  monkeys u n d e r  d i f f e r e n t  d e g re e s  o f  

a c c e l e r a t i o n  a p p l i e d  i n  d i f f e r e n t  d i r e c t i o n s .  H is  p h o to g ra p h s  show t h a t  

w h i l s t  t h e  a c c e l e r a t i o n  i s  a c t i n g  i n  t h e  head  t o  f e e t  d i r e c t i o n  t h e r e  i s  a 

d e c r e a s e d  f i l l i n g  o f  t h e  h e a r t  w i th  i n c r e a s i n g  a c c e l e r a t i o n  and a t  t h e  same 

t im e  t h e  h e a r t  i s  t u r n e d  and pushed  downwards. The d i a m e te r  o f  t h e  a o r t a  

and v e n a  cava  d e c r e a s e s  w i th  t h e  em pty ing  o f  t h e  h e a r t .  The e f f e c t s  he 

a s s u r e s  u s  a r e  more sudden  w i th  g r e a t e r  a c c e l e r a t i o n s  b u t  t h e  d u r a t i o n  o f  t h e  

a c c e l e r a t i o n  i s  a l s o  o f  im p o r ta n c e .

Thus t h e  b lood  must be h e ld  up i n  t h e  s y s te m ic  c i r c u l a t i o n ,  i n  f a c t ,  

i n  t h o s e  p a r t s  w hich  a r e  p l a c e d  h y d r o s t a t i c a l l y  downwards su c h  as  t h e  abdomen 

and t h e  l e g s .  The h e a r t  i s  w ork ing  a t  a n  i n c r e a s e d  r a t e  b u t  c a n n o t  r a i s e  t h e  

p r e s s u r e  as  i t  i s  n o t  r e c e i v i n g  s u f f i c i e n t  b l o o d .  The abdomen can 

accommodate v a s t  q u a n t i t i e s  o f  b lood  and i t  i s  l i k e l y  t h a t  most o f  t h e  b lood 

i s  h e l d  i n  t h e s e  v e s s e l s .  D u r in g  t h e  e x p e r im e n ts  w i t h  t h e  a b dom ina l  b e l t  i t  

was n o te d  t h a t  when t h i s  was u se d  t h e r e  was a  c e r t a i n  d e g re e  o f  im provem ent.

By i t s  p r e s s u r e  on t h e  abdomen t h e  b e l t  was d o in g  two t h i n g s .  I t  was 

i n c r e a s i n g  t h e  amount o f  t o n e  i n  t h e  a bdom ina l  w a l l  and i t  was s u p p o r t i n g  t h e
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a bdom ina l  o rg a n s  and p r e v e n t in g  t h e  d ra g  on t h e  m e s e n t e r i e s .  Both  o f  t h e s e  

h e l p  t o  r e d u c e  t h e  amount o f  d i l a t a t i o n  o f  t h e  a bdom ina l  v e s s e l s .  T h a t  t h e  

b e l t  f a i l e d  t o  r e l i e v e  t h e  symptoms even more may be due t o  s e v e r a l  f a c t o r s .

The b e l t  was a n  e x p e r im e n ta l  one  and t h e  d e s ig n  was n o t  p e r f e c t  from  t h e  p o i n t  

o f  v iew  o f  r e l i e f .  Fo r  exam ple i t  r e s t r i c t e d  t h e  a c t i o n  o f  t h e  d iaphragm  

w hich  i n  i t s e l f  p r e v e n t s  t h e  r e t u r n  o f  b lood  t o  t h e  h e a r t .  M oreover t h e  

a b d o m in a l  w a l l  i s  by no means t h e  o n ly  boundary  o f  t h e  abdomen b u t  t h e r e  i s  no 

way o f  im m o b i l i s in g  t h e  d iaph ragm  n o r  t h e  p e l v i c  f l o o r .  T h i r d ly  p o o l in g  

p r o b a b ly  t a k e s  p l a c e  i n  o t h e r  p a r t s  o f  t h e  body such  as  t h e  l e g s .  As r e g a r d s  

t h e  l a t t e r  however I  f e e l  t h a t  i f  t h e  p o o l in g  o f  t h e  abdomen cou ld  be e n t i r e l y  

e l i m i n a t e d  t h i s  would  n o t  m a t t e r .  The amount o f  b lood  t h a t  cou ld  be 

accommodated i n  t h e  l e g s  must b e  s l i g h t  i n  co m p ar iso n  t o  t h a t  i n  t h e  o t h e r .  

D uring  t h e  t e s t s  one o t h e r  p o i n t  wes n o t e d .  When t h e  d iaph ragm  was r e s t r i c t e d  

t h e  symptoms were p r o lo n g e d .  T h is  showed t h a t  t h e  blood was b e in g  h e ld  up 

somewhere be low  t h e  d ia p h ra g m . The f e e l i n g  o f  f u l l n e s s  o f  t h e  abdomen d u r in g  

" b la c k in g  o u t "  i s  p r o b a b ly  due m o s t ly  t o  t h e  i n c r e a s e d  g r a v i t y  o f  t h e  abdom inal 

o r g a n s .  The d ra g  on t h e  m e s e n t e r i e s  caused  by t h i s  i n c r e a s e d  g r a v i t y  o f  t h e  

o r g a n s  c a n n o t  o f  i t s e l f  b e  t h e  c a u se  o f  t h e  p o o l in g  f o r  t h i s  can  be r e l i e v e d  

by  means o f  a  b e l t .  And y e t  when t h e  b e l t  was a p p l i e d  t i g h t l y ,  t h e  d iaphragm  

b e in g  l e f t  f r e e ,  t h e  " b l a c k in g  o u t "  s t i l l  o c c u r r e d .  Thus i t  must be due  t o  

som eth ing  e l s e .  T h is  o t h e r  f a c t o r  I  b e l i e v e  t o  be i n c r e a s e d  v i s c o s i t y  o f  t h e  

b lood  due t o  t h e  i n c r e a s e d  a c c e l e r a t i o n .  Not o n ly  w i l l  a c c e l e r a t i o n  c au se  

a n  i n c r e a s e  i n  t h e  v i s c o s i t y  b u t  a s  t h e  a c c e l e r a t i o n  i n c r e a s e s  so d o e s  t h e  

v i s c o s i t y .  T h i s ,  o f  c o u r s e ,  e x p l a i n s  why a c c e l e r a t i o n  h a s  an  e f f e c t  o n ly  

when i t  i s  m a i n t a i n e d .  I t  a l s o  e x p l a i n s  why t h e  e f f e c t s  a r e  e x p e r ie n c e d  w i th  

a  g r a d u a l  i n c r e a s e  o f  G and why t h e y  c o n t i n u e  so  long  a3 t h e  a c c e l e r a t i o n  i s
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a p p l i e d .

S in c e  i t  h f s  b e e n  n e c e s s a r y  t o  d i s c u s s  t h e  c au se  o f  t h i s  c o n d i t i o n  i n  

t h e  r e v e r s e  d i r e c t i o n  from  what a c t u a l l y  o c c u rs  l e t  u s  now r e c a p i t u l a t e  p u t t i n g  

t h e  h a p p e n in g s  i n  t h e i r  p r o p e r  o r d e r .  During t h e  m a in ta in e d  a p p l i c a t i o n  of 

a c c e l e r a t i o n  o f  more t h a n  4 G t h e  v i s c o s i t y  o f  t h e  b lo o d  i s  so i n c r e a s e d  a s  t o  

low er  t h e  c i r c u l a t i o n  and c s u s e  a  p o o l in g  o f  t h e  b lood  i n  t h e  p a r t s  p la c e d  

h y d r o s t a t i c a l l y  downwards. T h is  c a u s e s  a d e c re a s e d  f i l l i n g  o f  t h e  h e a r t  which 

i n  t u r n  lo w e rs  t h e  g e n e r a l  a r t e r i a l  b lood  p r e s s u r e .  The p r e s s u r e  i n  t h e  

c e r e b r a l  v e s s e l s  i s  n a t u r a l l y  a f f e c t e d  and as  t h e  a c c e l e r a t i o n  i n c r e a s e s  t h e  

p r e s s u r e  i n  t h e  r e t i n a l  a r t e r y  f a l l s  u n t i l  i t  i s  u n a b le  t o  overcome t h e  i n t r a 

o c u l a r  t e n s i o n .  Dimness o f  v i s i o n  th e n  b l i n d n e s s  o c c u r  and a s  t h e  p r e s s u r e  

f a l l s  f u r t h e r ,  c e r e b r a l  anaem ia  w i t h  u n c o n s c io u s n e s s  t a k e s  p l a c e .  These 

symptoms re m a in  u n t i l  t h e  a c c e l e r a t i o n  i s  w i th d ra w n  when t h e y  d i s a p p e a r ,  t h e  

c o n s c io u s n e s s  r e t u r n i n g  f i r s t  t h e n  t h e  d im ness  o f  v i s i o n  and l a s t l y  c l e a r  

v i s i o n .

P r e v e n t i o n  o f  t h e  C o n d i t io n

W hereas t h e  c a u se  o f  t h e  c o n d i t i o n  i s  i n t e r e s t i n g  from  an academ ic  p o in t  

o f  v ie w ,  t h e  most im p o r ta n t  p rob lem  i s  t o  f i n d  a method o f  p r e v e n t i o n .  E xper

im e n ts  w i t h  t h e  abdom ina l  b e l t  h a v e  shown t h a t  some d e g re e  o f  improvement i s  

t o  be e x p e r ie n c e d  by  i t s  u s e  and I  am co n v in c e d  t h a t  much v a lu e  would a c ru e  

f ro m  a  b e l t ,  p r o p e r l y  d e s ig n e d  t o  f i t  each  p i l o t .  T h is  would g i v e  immunity 

t o  a l l  p i l o t s  f o r  t h e  lo w e r  d e g re e s  o f  a c c e l e r a t i o n  and i t s  b e n e f i t s  would be 

g r e a t  i n  t h o s e  who a r e  m ost s u s c e p t i b l e .  T h i s  was seen  when t h e  b e l t  was 

worn  by t h e  h y p o t e n s i v e  who was v e r y  e a s i l y  a f f e c t e d  by t h e  e f f e c t s  o f  

a c c e l e r a t i o n .  But t h e r e  a r e  o t h e r  f a c t o r s  t o  be c o n s id e r e d  end t h e s e  a r e  

im p o r ta n t  from  t h e  p r a c t i c a l  s i d e .  At t h e  p r e s e n t  t i m e ,  p i l o t s ,  and m ost of
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e l l  s e r v i c e  p i l o t s ,  a r e  bu rdened  w i th  to o  many encum brances  a l r e a d y  and t o  

e n f o r c e  t h e  u s e  o f  an a b dom ina l  b e l t  would m ere ly  add t o  t h e i r  t r o u b l e s .

S in c e  i t  would mean u n d r e s s i n g  b e f o r e  and a f t e r  each  f l i g h t ,  f o r  t o  be o f  u s e  

t h e  b e l t  must be worn n e x t  t o  t h e  s k i n ,  i t  i s  d o u b t f u l  i f  t h e y  would w ear i t .  

A l t o g e t h e r  i t  seems d o u b t f u l  i f  t h e  b e n e f i t s  to  be d e r iv e d  would ou tw eigh  t h e  

d i s a d v a n t a g e s .

B ut i s  i t  n o t  b e t t e r  t o  t r y  t o  remove t h e  c a u se  r a t h e r  t h a n  t r y  to  

e l i m i n a t e  i t s  e f f e c t s ?  T h i s ,  o f  c o u r s e ,  would be t h e  i d e a l  method o f  

p r e v e n t i o n .  One c a n n o t  remove t h e  a c c e l e r a t i o n  b u t  i t  can be f o rc e d  t o  a c t  

i n  such  a  way as  t o  have no e f f e c t .  F i s c h e r  h a s  shown t h a t  a c c e l e r a t i o n  h a s  

l i t t l e  e f f e c t  u n l e s s  a p p l i e d  i n  t h e  head t o  f e e t  d i r e c t i o n .  I f ,  t h e r e f o r e ,  

a  p i l o t  c o u ld  f l y  an  a e r o p la n e  w h i l s t  l y in g  i n  t h e  p ro n e  p o s i t i o n  he would be 

immune t o  t h e  e f f e c t s  o f  v a s t  d e g re e s  o f  a c c e l e r a t i o n .  T h i s ,  o f  c o u r s e ,  i s  

i m p o s s ib l e  b e c a u s e  o f  t h e  l i m i t a t i o n  o f  t h e  f i e l d  o f  v i s i o n  b u t  t h e r e  a r e  many 

o t h e r  p o s i t i o n s  be tw een  t h e s e  two e x t r e m e s .  R u f f  and Ranke su g g e st  t h a t  th e  

recum ben t  p o s i t i o n  need be u se d  o n ly  d u r in g  t h e  h i g h e r  a c c e l e r a t i o n s  and 

s u g g e s t  t h e  u s e  o f  a  f o l d i n g  c h a i r .  W hatever  t h e  method employed i t  i s  

e v id e n t  t h a t  an  a l t e r a t i o n  i n  t h e  p r e s e n t - d a y  d e s ig n  o f  th e  a e r o p la n e  i s  

e s s e n t i a l .

One o t h e r  method r e m a in s .  That i s  t o  u s e  o n ly  p i l o t s  who do n o t  b lack  

o u t .  But does  such  a  p e r s o n  e x is t ?  I  do n o t  t h i n k  s o .  T ha t  t h e r e  i s  a 

d i f f e r e n c e  i n  t h e  s u s c e p t i b i l i t y  o f  p i l o t s  i s  t r u e  and some p i l o t s  seem t o  be 

a b l e  t o  w i t h s t a n d  a  m a in ta in e d  a c c e l e r a t i o n  o f  much g r e a t e r  m agn itude  t h a n  

o t h e r s .  But w hat c a u s e s  t h a t  d i f f e r e n c e  ca n n o t  be d e m o n s t ra te d  by m e d ic a l  

ex a m in a tio n . I t  seems most l i k e l y  t h a t  t h e  e x p l a n a t i o n  i s  t o  be found  i n  

g e n e r a l  body t o n e .  U n f o r t u n a t e l y  t h e r e  i s  no p r a c t i c a l  method o f  e s t i m a t i n g
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t h i s  d e f i c i e n c y  w i t h  any d e g re e  o f  a c c u r a c y  and t h u s  o n ly  p r a c t i c a l  e x p e r im e n t  

c a n  r e v e a l  t h e  s u f f e r e r s .  I t s  e f f e c t s  may b e  red u c e d  by p h y s i c a l  t r a i n i n g  b u t  

o n e  c a n n o t  be c e r t a i n  t h a t  an  im provement w i l l  be m a i n t a i n e d .  U n t i l  t h a t  i s  

p o s s i b l e  t h e  o n ly  s o l u t i o n  seems t o  l i e  i n  a l t e r a t i o n  o f  t h e  p r e s e n t  d e s ig n  o f  

t h e  a e r o p l a n e .  T h is  can  be done and when i t  i s  com ple ted  t h e  a e ro p la n e  

d e s i g n e r s  may en d eav o u r  th e n  t o  i n c r e a s e  f u r t h e r  t h e  e f f i c i e n c y  o f  t h e  m ach ine .
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SUMMARY AND CONCLUSIONS.

The d e s ig n  o f  t h e  a e r o p la n e  i s  c o n s t a n t l y  c h an g in g  b u t  new d e s ig n s  

a r e  drawn w i t h  r e g a r d  t o  i n c r e a s i n g  t h e  e f f i c i e n c y  o f  t h e  m ach ine .  A lrea d y  

we h a v e  re a c h e d  a  s t a g e  a t  which* on a c c o u n t  o f  " b la c k in g  o u t " ,  t h e  e f f i c i e n c y  

o f  t h e  machine* u n d e r  c e r t a i n  c o n d i t i o n s  a t  l e a s t ,  i s  g r e a t e r  t h a n  t h a t  o f  

t h e  p i l o t  c o n t r o l l i n g  i t .  T h is  d e f i c i e n c y  on t h e  p a r t  o f  t h e  p i l o t  i s  due 

t o  t h e  f o r c e  o f  t h e  a c c e l e r a t i o n  a c t i n g  on him  d u r in g  t h e s e  m anoeuvres .  One 

c a n n o t  remove t h e s e  f o r c e s  b u t  t h e i r  e f f e c t  can  be r e n d e r e d  v o id  by chang ing  

t h e i r  d i r e c t i o n  o f  a p p l i c a t i o n .  T h i s ,  u n f o r t u n a t e l y  i n v o lv e s  r e v o l u t i o n  i n  

t h e  d e s ig n  o f  t h e  a e r o p la n e  b u t  i t  can  be d o n e .  I f ,  t h e n ,  t h e  f u t u r e  o f  t h e  

a e r o p la n e  i s  t o  a d v a n c e ,  f u t u r e  d e s ig n s  o f  t h e  a e r o p la n e  must be drawn w i th  

r e g a r d  t o  t h e  e f f i c i e n c y  o f  t h e  p i l o t  a s  w e l l  a s  t o  t h a t  o f  t h e  m achine i t s e l f .
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