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ABSTRACT 

T h i s   r e p o r t   p r e s e n t s  the r e s u l t s   o f   e x p e r i m e n t s   o n   t h e   s t a r t l i n g  

a n d   a w a k e n i n g   e f f e c t s   o f   s o n i c  booms.  The o b j e c t i v e s   o f  the s tudy  were 

(1) t o  bu i ld   and  test a dev ice   and   a s soc ia t ed  room where one  could  simu- 

l a t e  the e f f e c t s   o f   s o n i c  booms on a room i n  a house,   and (2) t o  conduct  

s t u d i e s  of the  effects  of the s imula t ed   i ndoor  booms on people s l e e p i n g  

and   per forming   manual   t asks .  The f i n d i n g s   a r e   b a s e d   o n  a s tudy   o f  a 

s m a l l ,  homogenous  group of s u b j e c t s   a n d ,  therefore,  must be cons ide red  

t e n t a t i v e   a t  t h i s  time. 
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I INTRODUCTION 

D e c i s i o n s  t o  b u i l d   t h e   C o n c o r d e   a n d   t h e   B o e i n g   s u p e r s o n i c   t r a n s p o r t s  

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

booms h a v e   c a u s e d   c o n c e r n   r e g a r d i n g   t h e   s t a r t l e   a n d   a w a k e n i n g   e f f e c t s   o f  

t h e s e   n o i s e s   o n   t h e   p o p u l a t i o n   ( R e f s .   1 , 2 , 3 , 4 ) .   I n   r e s p o n s e  t o  t h i s  con- 

c e r n   s e v e r a l   r e s e a r c h   s t u d i e s   h a v e   b e e n   c o n d u c t e d .  The most r e c e n t  was 

conducted a t  Edwards A i r  Force  Base  (Ref .  5). 

A s i g n i f i c a n t   f i n d i n g   o f   t h i s  recent s t u d y  was t h a t   p e o p l e  who were 

f a m i l i a r   w i t h   s u b s o n i c   a i r c r a f t   n o i s e  and  sonic  booms, r e p o r t e d   t h e  booms 

t o  be  more a c c e p t a b l e   t h a n   d i d   p e o p l e  who had i n f r e q u e n t l y   e x p e r i e n c e d  

such   no i se   and  booms. C i t e d   i n   R e f .  6 a r e   s e v e r a l   s t u d i e s   o f   t h e   s t a r t l e  

r e sponses  t o  impu l s ive   s t imu l i   such   a s   gunsho t s   and  booms i n  which a t  

l e a s t   p h y s i o l o g i c a l   a d a p t a t i o n  was found.  Some s t u d i e s  of t h e   r e s p o n s e s  

o f   s l e e p i n g   i n d i v i d u a l s  t o  pu re - tone   o r   b roadband   no i se  s t i m u l i  o f   r e l a -  

t i v e l y   l o n g   d u r a t i o n s   a n d   r e l a t i v e l y  l o w  i n t e n s i t i e s ,  compared t o  t h e  

s o n i c  booms,  have  been  conducted  (Refs.  6,7,8); most o f   t h e s e   s t u d i e s  

show d i f f e r e n t i a l   s e n s i t i v i t y  and some a d a p t a t i o n   t o   a u d i t o r y   s t i m u l i   a s  

a f u n c t i o n   o f   t h e   s t a g e   o f   s l e e p   t h e   i n d i v i d u a l  i s  i n  when exposed t o  a 

sound o r   n o i s e .  

It i s ,  o f   c o u r s e ,   t o  b e  e x p e c t e d   t h a t   t h e   s t a r t l e  and  awakening  ef-  

f e c t s  o f   s o n i c  booms would be s t r o n g l y   r e l a t e d  t o  t h e i r   a u d i b i l i t y .  Some 

i n f o r m a t i o n  is a v a i l a b l e   s h o w i n g   t h a t   p e r c e i v e d   l o u d n e s s   o r   n o i s i n e s s  i s  

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

s i m u l a t e   a t   l e a s t  some o f   t h e   c h a r a c t e r i s t i c s   o f   t h e   o u t d o o r  boom pres -  

s u r e  wave ( R e f s .   9 , l O ) .  

However, l i t t l e  d i r e c t   q u a n t i t a t i v e   i n f o r m a t i o n  i s  a v a i l a b l e   a b o u t  

t h e   e f f e c t s   o f   s o n i c  booms on  people   while   performing  psychomotor   tasks ,  

w h i l e   s l e e p i n g ,   o r   w h i l e   j u d g i n g   t h e   l o u d n e s s  or n o i s i n e s s   o f   s o n i c  booms 

h a v i n g   s y s t e m a t i c a l l y   d i f f e r e n t   s i g n a t u r e   c h a r a c t e r i s t i c s .   T h i s  i s  p r i -  

m a r i l y   d u e   t o   t h e   u n a v a i l a b i l i t y   i n   t h e   p a s t  o f   adequate   methods   for  

c r e a t i n g   i n   t h e   l a b o r a t o r y   t h e   a c o u s t i c   ( i n c l u d i n g   v i b r a t i o n a l )   e n v i r o n m e n t  

1 



t h a t  w o u l d   b e   p r e s e n t   e i t h e r   o u t d o o r s  or i n  rooms of   houses   exposed t o  

a c t u a l   s o n i c  booms. 

A r e s e a r c h   c o n t r a c t  was g r a n t e d  t o  S t a n f o r d   R e s e a r c h   I n s t i t u t e  by 

t h e   N a t i o n a l   A e r o n a u t i c s   a n d   S p a c e   A d m i n i s t r a t i o n   f o r   l a b o r a t o r y  re- 

s e a r c h   o n   t h e   e f f e c t s  of   sonic  booms heard   indoors   upon  people   per form-  

ing   p sychomoto r   t a sks   and   s l eep ing ,   and  the e f f e c t s   o f   v a r i a t i o n s   i n  t h e  

s i g n a t u r e   c h a r a c t e r i s t i c s   o f   s o n i c  booms hea rd   ou tdoor s  upon the   j udged  

loudness   and   no i s ines s   o f   son ic  booms. 

The r e s u l t s   o f   t h e   s t u d i e s   o n  the  a u d i b i l i t y  of   s imula ted   ou tdoor  

s o n i c  booms h a v i n g   v a r y i n g   i n t e n s i t i e s ,  rise times, d u r a t i o n s ,   a n d   t r a n -  

s i e n t s   a r e   r e p o r t e d   i n   R e f .  11; t h a t   r e p o r t  was p repa red  by  t h e  Lockheed- 

C a l i f o r n i a  Company, u n d e r   s u b c o n t r a c t   t o   S t a n f o r d   R e s e a r c h   I n s t i t u t e .  

F o r   t h e s e   a u d i b i l i t y  tes ts  t h e  Lockheed Company used a s p e c i a l   b o o t h   i n  

w h i c h   p r e s s u r e   c h a n g e s ,   s i m i l a r   t o   t h o s e   f r o m   s o n i c  booms heard   ou tdoors ,  

could   be   genera ted   near  a l i s t e n e r ' s   e a r s .  

The p r e s e n t   r e p o r t  i s  a d e s c r i p t i o n   o f  t h e  development of t h e  indoor  

s o n i c  boom s i m u l a t o r   a t   S t a n f o r d   R e s e a r c h   I n s t i t u t e  and t h e  r e s u l t s   o f  

pre l iminary   exper iments   concerned  w i t h  t he  e f f e c t s   o f   s o n i c  booms from 

t h i s   s i m u l a t o r   o n   s l e e p   a n d   s t a r t l e .  

The  body  of t h i s   r e p o r t  i s  composed  of three s e c t i o n s :   S i m u l a t o r ,  

S l eep   Expe r imen t ,   and   S t a r t l e   Expe r imen t .  I ts  o r g a n i z a t i o n   r e f l e c t s  t he  

amount of e f f o r t   e x p e n d e d   d u r i n g  t h e  course   o f  t h e  p r o j e c t ,  and t h e  rel- 

a t i v e   c o n t r i b u t i o n   o f  t he  f i n d i n g s   t o   r e s o l u t i o n   o f   t h e   p r o b l e m   o f  t h e  

e f f e c t s   o f   s o n i c  booms on peop le .  
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I1 SIMULATOR 

A .  Simulator  Development 

The development   o f   the ,   s imula tor  was e v o l u t i o n a r y :  a p r o t o t y p e  was 

b u i l t   a n d ,   o n   t h e   b a s i s   o f   t h e   d a t a   g a t h e r e d   f r o m  tests of t h e   p r o t o t y p e ,  

a m o d i f i e d   f i n a l   m o d e l   w a s   b u i l t .  

To s i m u l a t e   a n   i n d o o r   s o n i c  boom w i t h   b o t h   a c o u s t i c   a n d   v i b r a t i o n a l  

componen t s ,   t he   bes t   app roach   appea red   t o   be   t he   l oad ing  of one   wal l  of 

a room w i t h  a wave o f   p r e s s u r e   s i m i l a r  t o  t h a t   f r o m  a s o n i c  boom--the 

s o - c a l l e d  N wave. An e l e c t r o m e c h a n i c a l   d e v i c e  was d e s i g n e d   a n d   b u i l t   t o  

g e n e r a t e   a n  N wave o f   p r e s s u r e   i n t o  a hermet ica l ly-sea led   chamber .  One 

wa l l   o f   t he   p re s su re   chamber  was t h e   w a l l  of t h e   e x p e r i m e n t a l  tes t  room. 

The   layouts  of t h e   f i n a l   p r e s s u r e   c h a m b e r   a n d  t es t  room a r e   i l l u s t r a t e d  

i n   F i g .  1. 

W a l l s  o f   t h e  test  room were of s t a n d a r d   c o n s t r u c t i o n :   d r y w a l l   o n  

2 ”  X 4 ”  s t u d s ,  16’’ o n   c e n t e r .   I n   c o n t r a s t ,   t h e   o u t s i d e   w a l l s  of t h e  

pressure  chamber  were c o n s t r u c t e d  of 3/4“ plywood  mounted  on 2 ”  X 4 ”  

s t u d s ,  12“ on c e n t e r ,   w i t h   h o r i z o n t a l   c r o s s   s u p p o r t s   j o i n i n g   a d j a c e n t  

s t u d s   a b o u t  3 ‘  from e i t h e r  end of t h e   s t u d .   R i g i d   c o n s t r u c t i o n  of t h e  

o u t s i d e   w a l l s  was r e q u i r e d   i n   o r d e r   t o   p r e v e n t   b o w i n g  when t h e   p r e s s u r e  

i n   t h e  chamber   was   i nc reased ,   t he reby   dec reas ing   t he  r ise  time and   in -  

t e n s i t y  of t h e   r e s u l t a n t  boom. F o r   t h e  same r e a s o n   a l l   j o i n t s   i n   t h e  

pressure  chamber  were s e a l e d   w i t h   c a l k i n g  compound. 

Given   the  volume of t h e   c h a m b e r ,   t h e   c h a n g e   i n   v o l u m e   r e q u i r e d   t o  

produce a two p s f   p r e s s u r e  was c a l c u l a t e d   a s  

1 1 

where 

= 0.41  c u b i c   f e e t  

y = c o n s t a n t ,   d e p e n d e n t   u p o n   t h e   g a s   i n  
the  compartment   and i t s  c o m p r e s s i b i l i t y  
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FIG. 1 SCHEMATIC OF SONIC BOOM STUDY FACILITY 
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AP = d e s i r e d   c h a n g e   i n   p r e s s u r e  

Po = o r i g i n a l   p r e s s u r e   i n  chamber 

Vo = o r i g i n a l  volume i n  chamber 

F o r  a p l u n g e r   w i t h  a d i ame te r  of two feet, t h e   r e q u i r e d   m o t i o n  is 

" OW4' - 0.13 feet  = 1.57 i n c h e s  
l-t 

The boom g e n e r a t o r   o p e r a t e d   i n   t h e   f o l l o w i n g   m a n n e r  (see F i g s .  2 

and 3): I n  t h e   f i n a l  model of t h e  g e n e r a t o r   t h e   o u t p u t  of a DC motor 

was  reduced  through a series of b e l t s ,   p u l l e y s ,   a n d   f l y w h e e l s   s u c h   t h a t  

t h e  r e s u l t   a t  the  f i n a l   d r i v e   s h a f t  was a boom w i t h  a d u r a t i o n   o f  100 t o  

300 m s .  The f i n a l   d r i v e   s h a f t  was a t t a c h e d  t o  a "one shot" c l u t c h ,  

which   tu rned   th rough  on ly  360' and  drove  a cam.  The cam (see F i g .  2 )  

was a circle c u t   i n   h a l f .  One h a l f  was a n e u t r a l   p o s i t i o n   w i t h   r e s p e c t  

t o  t h e  diaphragm. The other h a l f  had  one  end  corresponding t o  the maxi- 

mum fo rward   d i aphragm  pos i t i on   and   t he   o the r   co r re spond ing  t o  t h e  maxi- 

mum back   d i aphragm  pos i t i on .  Maximum and minimum chamber  pressures  cor- 

r e s p o n d e d   t o  t h e  fo rward   and   r ea rward   pos i t i ons   o f  t h e  diaphragm. The 

boom g e n e r a t o r  was   mounted   on   concre te   p i l ings   separa te   and   independent  

of t h e  b u i l d i n g   i n   o r d e r   t o   m i n i m i z e  t h e  t r ansmiss ion   o f   mechan ica l   no i se  

a s s o c i a t e d  w i t h  o p e r a t i o n  of t h e  g e n e r a t o r .  A q u i e t   a i r - c o n d i t i o n i n g  

s y s t e m  was i n s t a l l e d   t o   c o n t r o l   b o t h   a c o u s t i c  and  thermal   environments  

i n  t he  t es t  room.  The n o i s e   l e v e l s   o f  t h e  fan  and  compressor   of  t he  

v e n t i l a t i o n   s y s t e m  were approximate ly  55 dB re 0.0002 dyne/cm . 2 

I n   o r d e r   t o   p e r m i t   v i b r a t i o n   o f  t he  f l o o r ,  t h e  test room rested on 

e i g h t  4 "  X 11" r u b b e r   v i b r a t i o n - i s o l a t i n g   p a d s .  The e f f e c t i v e n e s s   o f  

t h e s e   p a d s  i s  i l l u s t r a t e d   i n   F i g s .  4 ,  5, and 6 which show Visicorder 

t r a c i n g s   o f  the  o u t p u t   o f   a n   a c c e l e r o m e t e r   m o u n t e d   i n   t h e   c e n t e r   o f  t h e  

f l o o r   o f  t h e  tes t  room. 

F i n a l l y ,  t o  r educe  t h e  i n t e n s i t y  of street  a n d   l a b o r a t o r y   n o i s e s  

i n t e r f e r i n g  w i t h  t he  s u b j e c t s ,   s o u n d - a t t e n u a t i n g   f i b e r b o a r d  was n a i l e d  

t o  the o u t s i d e   o f  the w a l l   a n d   c e i l i n g   s t u d s  of t h e  test room and gypsum 

w a l l   b o a r d s  were g lued   ove r  t h e  f i b e r b o a r d .  

5 
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B. S imula tor   Per f   onnance  - -.."". 
In  F i g s .  4 t h rough  6, n o t e  the  o s c i l l a t i o n s   i n  chamber   p ressures .  

I n   c o n t r a s t ,  a s m o o t h e r   n e g a t i v e l y   d i r e c t e d   p r e s s u r e  wave i s  f o u n d   i n  

t h e   c a s e  of a n   o u t d o o r   f a r - f i e l d  boom. That these r e v e r b e r a t i o n s   a r e  

t r a n s m i t t e d   t h r o u g h o u t  t he  room i s  evidenced  by t h e i r  co inc idence  w i t h  

a s l i g h t   l a g   o f   t h e   o s c i l l a t i o n s   r e c o r d e d  by  t h e  acous t i c   mic rophone  

a n d   a c c e l e r o m e t e r s   ( F i g s .  4 ,  5, and 6 ) .  N o t e   t h a t   t h e   n e g a t i v e l y   d i r e c t -  

ed p r e s s u r e  i s  n o t   s e e n   i n  t h e  o u t p u t s  from the  acce le romete r s   and   mic ro -  

phones,  

FIG. 4 CHAMBER PRESSURE (1000 Hz Low P a s s  Filter),  ACCELEROMETER, 
AND INDOOR ACOUSTIC  MICROPHONE  TRACINGS  DURING A 0.8 PSF 
SIMULATED SQNIC BOOM 
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I "  

t 
3:12 psf  

I 
I 

FIG. 5 CHAMBER PRESSURE (1000 Hz Low Pass Filter),  ACCELEROMETER, 
AND INDOOR ACOUSTIC  MICROPHONE  TRACINGS  DURING A 1.6  PSF 
SIMULATED SONIC BOOM 
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PEAK  OVERPRESSURE OF BOOM .= 2.1 psf, AS MEASURED OUTDOORS. 
' COMPARABLE PEAK  LEVEL INDOORS  ABOUT 8 db LESS. 
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v) 

F i g u r e  7 i l l u s t r a t e s   t h a t   t h e   f r e q u e n c y   r e s p o n s e   o f   t h e   s i m u l a t e d  

"boom-room" remained  about   the same r e g a r d l e s s   o f   s i m u l a t e d  boom ampli-  

t ude .  The extremes, 2 .1   and  0.6 p s f ,   o f   t h e   s i m u l a t e d  booms a r e   p r e -  

s en ted   fo r   compara t ive   pu rposes .  The r e l a t i v e   i n t e n s i t i e s  of t h e   f r e -  

q u e n c i e s   c o m p r i s i n g   t h e   s p e c t r a   a r e   e s s e n t i a l l y   t h e  same,   a l though  the  

o v e r a l l   i n t e n s i t i e s   o f   t h e   t w o  booms d i f f e r e d  by over  10 dB.  The s l i g h t  

l e f t w a r d   s h i f t   o f   t h e   2 . 1   p s f  boom c u r v e   s u g g e s t s   t h a t  some changes were 

e f f e c t e d   a t   l o w e r   f r e q u e n c i e s ,   b u t   t h e i r   e x a c t   s p e c i f i c a t i o n  i s  d i f f i -  

c u l t  b e c a u s e   t h e   d a t a   f a l l   i n   t h e   i n s e n s i t i v e   r e g i o n  of the   microphone  

(condenser  microphone, Bruel  & K j a e r ,   C a r t r i d g e  Type  4131)  response 

c u r v e .   D e t a i l s   o f  low f r e q u e n c y   s p e c t r a   a r e   p r e s e n t e d   i n   t h e   n e x t   s e c t i o n .  

12.00 

0.00 

- I  2.00 

-24.00 

-36.00 

-48.00 

" S I M U L A T E D  BOOM IN  TEST ROOM 
- .  

MEASURED  CHAMBER  PRESSURE: 2.1 pst 
RISE  DURATION:  TIME: 200 16 mrec msrc 3;; 

MEASURED  CHAMBER  PRESSURE: 0.6 prf 
RISE  TIME: IO mrrc  
DURATION: 175 msec 

""SIMULATED BOOM IN TEST ROOM 

-60.00 I I I I I I 1 I I I I I 1 
0.00 0.9 1.8 3.7 7.3 14.6 29.3 58.6 117.2 234.4 468.8  937.5 1875 

FREQUENCY-HZ 
T0-6064 - 2 8  

FIG. 7 INDOOR ENERGY SPECTRAL  DENSITY  FUNCTIONS 2.1 AND 0.6 PSF 
SIMULATED SONIC BOOMS 

C.  Comparison  of   Simulator   with  Actual   Test  House Performance 

The v i b r a t i o n s   f e l t   a n d   t h e   s o u n d s   h e a r d   i n s i d e   a n y   g i v e n  room of 

a house  exposed t o  a s o n i c  boom depend  upon  fac tors   such   as   the   con-  

s t r u c t i o n  of t h e   h o u s e  and  rooms, t h e   i n t e n s i t y   a n d   s h a p e   o f   t h e  boom, 

a n d   t h e   c h a r a c t e r i s t i c s  of t h e   a c c e s c o r i e s   i n   t h e  rooms of i n t e r e s t .  
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The a c c e l e r a t i o n   p a t t e r n s   o b t a i n e d   i n   t h e  test room a r e   s i m i l a r  t o  t h o s e  

f o u n d   i n  a test h o u s e   s t u d i e d   a t  Edwards A i r  F o r c e   B a s e .   T h i s   s i m i l a r i t y  

can   be   s een   t h rough   compar i son  of t h e   a c c e l e r o m e t e r   t r a c i n g s  of F i g .  8. 

(See Ref. 5, pages G-11-2 t o  G-11-40.) I n   F i g .  8, t h e   a c c e l e r a t i o n s  ob- 

s e r v e d   i n   t h e   f l o o r   ( t r a c e   a )   a r e   n o t   c o m p a r a b l e   d i r e c t l y   w i t h   t h o s e  ob- 

s e r v e d   i n   t h e  t es t  room f l o o r  ( t r a c e   d )   s i n c e   a t  Edwards A i r  Force   Base  

t h e   f l o o r   a c c e l e r o m e t e r s  were mounted  on  150-pound  blocks  of  concrete 

w h i c h   a p p a r e n t l y   a c t e d   a s  low p a s s   f i l t e r s .   I n   c o n t r a s t ,   a c c e l e r o m e t e r s  

i n   t h e  test  room were c o u p l e d   d i r e c t l y  t o  t h e   f l o o r .   B e c a u s e  booms d i -  

r e c t l y   a f f e c t e d   o n l y   t h e   n o r t h   w a l l   o f   t h e   f a m i l y  room whose c e i l i n g  was 

p a r t i a l l y   s h e l t e r e d   f r o m   t h e   o n c o m i n g  booms  by t h e  roofs of   the   house  

and t h e   g a r a g e ,   a c c e l e r a t i o n s   o b s e r v e d   i n   t h e   c e i l i n g   o f   t h e   f a m i l y  

room ( t r a c e   b )  were t h o u g h t   r e a s o n a b l y   a n a l o g o u s   t o   t h o s e  of t h e  tes t  

room f l o o r   ( t r a c e   d ) .  The s i m i l a r i t y   o f   a c c e l e r a t i o n s   i n d u c e d   i n   w a l l s  

d i r e c t l y   a f f e c t e d  by booms can   be   s een   by   compar ing   t r aces  c and e .  

S i n c e   t h e   a m p l i f i c a t i o n   r e q u i r e m e n t s   a t  Edwards were d i f f e r e n t   f r o m   t h o s e  

r e q u i r e d   i n   t h e  SRI tes t  room, F i g .  8 s h o u l d   b e   u s e d   o n l y   f o r   q u a l i t a t i v e  

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

Of p e r h a p s   g r e a t e r   i m p o r t a n c e  i s  a comparison of t h e   a c o u s t i c   s t i m u l i  

g e n e r a t e d   i n   t h e  tes t  room b y   t h e   s i m u l a t o r   w i t h   t h o s e   p r o d u c e d  by a c t u a l  

a i r c r a f t   i n   t h e  bedroom  of a tes t  h o u s e   a t  Edwards A i r  Force   Base .  Most, 

b u t   n o t   a l l ,   v i s i t o r s   f a m i l i a r   w i t h   s o n i c  booms a s   h e a r d   i n d o o r s   r e m a r k e d  

t h a t   t h e  booms o f   t h e   f i n a l   s i m u l a t o r  were v e r y   s i m i l a r  t o  a c t u a l  booms 

i n  terms o f   b o t h   a c o u s t i c   a n d   v i b r a t i o n a l   c o m p o n e n t s .  The g e n e r a l  simi- 

l a r i t y   o f   s i m u l a t e d   a n d   a c t u a l  booms is  shywn i n   F i g s .  9 and 10.  The 

a c t u a l  boom s i g n a l   a n a l y z e d   w a s   t h e   a c o u s t i c   e n e r g y   p r o d u c e d   b y  a  boom 

i n  a s econd-s to ry   co rne r  bedroom  of a t e s t  h o u s e   a t  Edwards A i r  Fo rce  

Base i n  which booms d i r e c t l y   a f f e c t e d  two w a l l s .   I n   c o n t r a s t ,   t h e   e x -  

p e r i m e n t a l  room s i m u l a t e d  a bedroom i n  wh ich   t he  boom d i r e c t l y   a f f e c t e d  

one   wa l l   on ly .  To e x p e c t   a n   e x a c t   f i t   b e t w e e n   a c t u a l   a n d   s i m u l a t e d  booms 

w o u l d   h a v e   b e e n   u n r e a s o n a b l e .   D i f f e r e n t   s p e c t r a   a r e ,   i n   f a c t ,   l i k e l y  

b e c a u s e   o f   t h e   e f f e c t s   o f  room a n d   b u i l d i n g   c o n s t r u c t i o n ,  boom c h a r a c t e r -  

i s t ics ,  and room a c c e s s o r i e s .  
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ACTUAL BOOM 

PEAK OVERPRESSURE M 2 . l p r f  
DURATION M 196 ms 
RISE  TIME M 5 m s  

( 0 1  CENTER  OF BEDROOM No. I FLOOR 

( b )  CENTER OF FAMILY ROOM CEILING 

( c )  BEDROOM No. I, CENTER  EAST  WALL 

SIMULATED BOOM 

PEAK OVERPRESSURE M 2 . l p s f  
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FIG. 8 ACCELERATIONS  INDUCED BY AN ACTUAL  8-58 SONIC BOOM 
IN A HOUSE AT EDWA.RDS AIR  FORCE BASE (Ref. 4, Pg. G-E-33) 
AND BY A SIMULATED SONIC BOOM IN THE  TEST ROOM FOR 
VARIOUS TRANSDUCER LOCATIONS 
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FIG. 9 INDOOR ENERGY SPECTRAL  DENSITY  FUNCTIONS  OF  AN  ACTUAL 1.4 PSF 
B-58 SONIC BOOM AND  A 1.6 PSF  SIMULATED SONIC BOOM 
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FIG. 10 INDOOR ENERGY SPECTRAL  DENSITY  FUNCTIONS  OF  AN  ACTUAL 1.9 PSF 
B-58 SONIC BOOM AND  A 2.1 PSF  SIMULATED SONIC BOOM 
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F i g u r e  9 shows a comparison  of a 1 . 4   p s f   a c t u a l  boom w i t h  a simu- 

l a t e d  boom of 1.6 psf   and   F ig .  10 shows a comparison  of t h e  indoor   energy  

s p e c t r a  of a n   a c t u a l  boom of 1 . 9  psf   and a s imula t ed  boom of 2 . 1   p s f .  

N o t e   t h e   g e n e r a l   s i m i l a r i t y  of t he  f u n c t i o n s   w i t h   p e a k   i n t e n s i t i e s   a t  

about  30 Hz, and  smaller   peaks  of   about  117 and 175 Hz. The 12 dB d i f -  

f e r e n c e   b e t w e e n   t h e   a c t u a l   a n d   s i m u l a t e d  boom a t   h i g h e r   f r e q u e n c i e s  re- 

q u i r e s   d i s c u s s i o n .  

The impor t an t   pa rame te r s   o f  a s o n i c  boom, w i t h   r e s p e c t   t o  i ts acous- 

t i c  s p e c t r a ,   a r e  i t s  ampl i tude ,   du ra t ion ,   and  rise time. F o r  t he  test 

c o n d u c t e d   i n   t h e   s i m u l a t o r ,   a n   a t t e m p t  was  made t o   s i m u l a t e  t h e  peak am- 

p l i t u d e s ,  rise time, a n d   d u r a t i o n  of booms from a B-58 a i r c r a f t .  With 

t h e   p r e s e n t   s i m u l a t o r ,   h o w e v e r ,  it w a s   n o t   p o s s i b l e   t o   a c h i e v e   s i m u l a t e d  

booms having  a rise time a s  short a s   t h a t  of some s o n i c  booms from a B-58. 

It can  be shown t h e o r e t i c a l l y   ( R e f .  5, Annex F)  t h a t  t he  n e t  e f fec ts  of 

d e c r e a s i n g   t h e  rise time of t h e  N wave  of  comparable  peak  amplitude  and 

d u r a t i o n   f r o m   1 2   t o  5 m s  ( t he  a c t u a l  booms i l l u s t r a t e d   i n   F i g s .  9 and 10 

had rise times of  about 5 m s ,  whi le  t he  s imula t ed  booms had Bise times 

of  12  and 16 m s )  would be t o   i n c r e a s e   s p e c t r a l   e n e r g y   i n   t h e   f r e q u e n c y  

regions  above  approximately  200 Hz; it i s  s e e n  from F i g s .  9 and l O . t h a t ,  

a s   e x p e c t e d ,  there i s  about   12 dB d i f f e r e n c e   i n  t h e  i n t e n s i t y   a t   h i g h e r  

f r e q u e n c i e s   o f  the a c t u a l  boom v e r s u s  t h e  s imula t ed  boom. I n   p a s s i n g ,  

n o t e   t h a t  t h e  o v e r a l l   s o u n d   p r e s s u r e   l e v e l   i n  t h e  f requency   reg ion   f rom 

20-12,000 Hz measures  some 5 dB g r e a t e r   f o r  t h e  a c t u a l  boom t h a n   f o r  t h e  

s i m u l a t e d  boom when t h e y   h a v e   e q u a l   p e a k   o v e r p r e s s u r e   l e v e l s .  

, 

T h i s   d i f f e r e n c e   b e t w e e n  t h e  s i m u l a t e s a n d   a c t u a l   s o n i c  booms t e n d s  

t o  make t h e  s i m u l a t e d  boom have a s l i g h t l y  less s h a r p   " c r a c k "   t h a n  t h e  

t y p i c a l   a c t u a l  boom. N e v e r t h e l e s s ,  t he  s imula t ed  boom is comparable t o  

many a c t u a l   s o n i c  booms whose rise times a r e   o f t e n   l e n g t h e n e d   b e c a u s e  of 

a t m o s p h e r i c   e f f e c t s ;   i n   a d d i t i o n ,  t he  e n e r g y   c o n t r i b u t i n g  most t o  t h e  re- 

sponse   o f   house   s t ruc tu res   and   peop le ,  e i ther  i n d o o r s   o r   o u t d o o r s ,  i s  

p r e s e n t   i n  t h e  f r equency   r eg ion  from about  20-200 Hz (Refs .  6,9, and  12).  

*Ac tua l   son ic  boom rise times r a n g i n g  from 1 t o   a s   h i g h   a s  50 m s  w i t h  a 
median  of   about  5 m s  were recorded for  B-58 a i r c r a f t   a t  Edwards A i r  
Force   Base ,   Ref .  5. 
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Thus, i n  terms of i t s  effect  u p o n   p e o p l e   a n d   s t r u c t u r e s ,  it is b e l i e v e d  

t h a t  a r e a s o n a b l e   s i m u l a t i o n  of a t y p i c a l   s o n i c  boom having  comparable  

p e a k   o v e r p r e s s u r e s   c a n  be a c h i e v e d ' i n   t h e  tes t  room of t h e   s o n i c  boom 

s i m u l a t o r .  Also, r e l a t i v e l y   m i n o r   m o d i f i c a t i o n s   c o u l d   b e  made i n   t h e  

p r e s e n t  sonic boom s i m u l a t o r   t h a t  would   p rovide   s imula ted  booms hav ing  

s h o r t e r  rise times t h a n   t h e   a v e r a g e  of 12  m s  used f o r  t h e   e x p e r i m e n t s   i n  

t h i s   r e p o r t .  

D .  Low Frequency  Analyses  

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

c o l l e c t e d   a t  Edwards A i r  F o r c e   B a s e   i n d i c a t e   t h a t   a c o u s t i c   e n e r g y   p r e s e n t  

e i t h e r   i n d o o r s  or o u t d o o r s   i n  a f requency   reg ion   be low  approximate ly  2 0  Hz 

d o e s   n o t   c o n t r i b u t e   s i g n i f i c a n t l y  t o  p e o p l e ' s   r e a c t i o n s  t o  s o n i c  booms 

(Refs. 9,12). T h i s  i s  a p p a r e n t l y   d u e  t o  t h e   f a c t   t h a t   h o u s e s   a n d ,   p a r -  

t i c u l a r l y ,   p e o p l e   d o   n o t   r e s p o n d   e f f e c t i v e l y  t o  e n e r g y   i n   t h e   f r e q u e n . = y  

reg ion   be low  approximate ly   20  H z .  P a r t   o f   t h e   l a c k  of r e s p o n s i v e n e s s  of 

t h e   h o u s e   s t r u c t u r e   ( a n d   p e r h a p s   p e o p l e )   a t   t h e s e  low f r e q u e n c y   e n e r g i e s  

i n   s o n i c  booms i s  b e c a u s e   t h e   d u r a t i o n   o f   t h e  boom is so s h o r t - - a   m a t t e r  

o f   s e v e r a l   h u n d r e d   m i l l i s e c o n d s ;   t h e r e  i s  more r e s p o n s e  t o  s t e a d y - s t a t e  

( d u r a t i o n s  of seconds  or m i n u t e s )   s t i m u l a t i o n   o f   b o t h   h o u s e s   a n d   s t r u c -  

t u r e s   w i t h  low (below  20 Hz) f r e q u e n c i e s   o f   i n t e n s e   a c o u s t i c   e n e r g y .  

N e v e r t h e l e s s ,  a c o n s i d e r a b l e   a m o u n t   o f   e n e r g y   p r e s e n t   i n   s o n i c  booms 

is  t o  b e   f o u n d   i n   t h e   r e g i o n   b e l o w   2 0  Hz ( t h e   e f f e c t i v e   c u t o f f   f r e q u e n c y  

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

F i g s .  9 and l o ) .  To o b t a i n  a b e t t e r   i d e a  of t h e  low f r e q u e n c i e s   p r e s e n t  

i n   t h e  room, a series of   measures   of  low f r e q u e n c y   v a r i a t i o n s   i n  r o m  

p r e s s u r e  were o b t a i n e d   u s i n g  a v e r y   s e n s i t i v e   p r e s s u r e   t r a n s d u c e r   ( S t a t h a n  

p r e s s u r e   t r a n s d u c e r ,  Model PM5TC). The r e s u l t s ,   i l l u s t r a t e d   i n   F i g s .  11 

a n d   1 2 ,   i n d i c a t e   c l e a r l y   t h a t   t h e  boom gene ra to r   p roduced  low f r equency  

a n d   r e l a t i v e l y   i n t e n s e   v a r i a t i o n s   i n   p r e s s u r e .   F i g u r e  11 compares t h o  

e n e r g y   s p e c t r a l   d e n s i t y   f u n c t i o n s   o f  two s i m u l a t e d   s o n i c  booms wi-cl-  cnam- 

ber p r e s s u r e s  of 2 . 1   a n d  0 .8  p s f .  Of p o s s i b l e   i n t e r e s t  i s  t h e   . e a t e r  

i n t e n s i t y ,   a b o u t  6 dB, of f r e q u e n c i e s   n e a r  5 Hz compared t o  t h e   p e a k s   a t  

f r e q u e n c i e s   n e a r  40 Hz f o r   t h e  2.1 psf  boom. I n   c o n t r a s t ,   t h e  boom of 
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t i o n s  

24.00 

0 . 8  ps f   conta ins   equa l ly   in tense   peaks   near  5 and near 40 Hz. Comparable 

r e s u l t s   a r e   i l l u s t r a t e d   i n  Fig. 12 where t h e   s p e c t r a l   d i s t r i b u t i o n   f u n c -  

for t h e s e  same booms a r e   p l o t t e d .  

I I I I I I I I I I I I 1 
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P W E  

w z  

2 -36.00 
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-48.00 

"_"""" """ 

- - SIMULATED BOOM 

MEASURED  CHAMBER  PRESSURE: 2.1 p r f  
R I S E   T I M E :  16 mrrc - DURATION: 200  mrec 

SIMULATED BOOM 
MEASURED  CHAMBER  PRESSURE: 0.6 prf  - R I S E  T IME:   10mrrc  

"- 
DURATION:  180 mrrc 

I I I 

1 

0.00 0.61 1.22 2.44 4.88  9.77 19.53 34.06 78.125  156.25 312.5 625 1250 
FREQUENCY- H z  

10-6064 -35 

FIG. 1 1  LOW FREQUENCY INDOOR  ENERGY SPECTRAL  DENSITY  FUNCTIONS 
OF 0.8 AND 2.1 PSF  SIMULATED SONIC BOOMS 
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FIG. 12 LOW FREQUENCY INDOOR SPECTRAL  DISTRIBUTION  FUNCTIONS 
OF 0.8 AND 2.1 PSF SIMULATED SONIC BOOMS 
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I I1 SmEP EXPERIMENT 

A .  O b j e c t i v e s  

T h e   o b j e c t i v e s   o f   t h i s   s t u d y  were t o  d e t e r m i n e :  

1. The e f f e c t s   o f   s o n i c  booms a n d ,   c o m p a r a t i v e l y ,   t h e  
e f f e c t s   o f  j e t  a i r c r a f t   n o i s e  on t h e   e l e c t r o e n c e p h a -  
l o g r a p h i c   a c t i v i t y   a n d   t h e   b e h a v i o r a l   a w a k e n i n g   o f  a 
s l e e p i n g   p e r s o n  

2 .  The e x t e n t  t o  w h i c h   i n d i v i d u a l s  may adap t ,   a cco rd ing  
t o   t h e s e  two  measures, t o   s o n i c  booms and j e t  a i r c r a f t  
n o i s e  

3. The d i f f e r e n c e s   i n   s e n s i t i v i t y  among i n d i v i d u a l s  t o  
awakening  by  sonic  booms and j e t  a i r c r a f t   n o i s e .  

B.  Method 

1. S u b j e c t s  

The e x p e r i m e n t a l   d e s i g n   i l l u s t r a t e d   i n   T a b l e  I i n c l u d e s   t h e   u s e   o f  

two   s imul t aneous ly   s t imu la t ed   sub jec t s   pe r   n igh t .   Each   g roup   cons i s t ed  

of   two  male   s tudents   f rom  S tanford   Univers i ty .  A l l  were 2 1  or 22 y e a r s  

o f   age   w i th   no rma l   hea r ing .   The   sub jec t s   i nd ica t ed   t hey  had n o t   l i v e d  

i n   n o i s y   e n v i r o n m e n t s   s u c h   a s   n e a r   a i r p o r t s .   A l t h o u g h   t h e y  had  heard 

s e v e r a l   s o n i c  booms, t hey   d id   no t   f ee l   t hey   had   hea rd   any  more or less 

t h a n   h a d   t h e   m a j o r i t y  of t h e   p o p u l a t i o n .   T h e y   r e p o r t e d   n o   s t r o n g   f e e l -  

i n g s   e i t h e r  for or a g a i n s t   t h e   s u p e r s o n i c   t r a n s p o r t .  

2 .  S t i m u l i  

Measured  pressures  and boom p a r a m e t e r s   g e n e r a t e d   i n   t h e  test  room 

b y   m e a n s   o f   t h e   s i m u l a t o r   f o r   t h i s   s t u d y   a r e   g i v e n   i n   T a b l e  11. Indoor  

r eco rd ings   o f   t he   fou r -eng ine   t u rbo fan  je t  a i r c r a f t   f l y i n g   d i r e c t l y  

overhead were p r e s e n t e d ,  when r e q u i r e d ,   t h r o u g h  a loudspeaker  mounted 

on t h e   c e i l i n g  midway be tween   t he  two s u b j e c t s .   F l y o v e r   i n t e n s i t i e s   f o r  

t h e  tests were s e l e c t e d  t o  be   equ iva len t  t o  t h o s e   p r e s e n t   i n  bedrooms 

l o c a t e d   d i r e c t l y   u n d e r   t h e   f l i g h t   p a t h s  of l a r g e  j e t  a i r c r a f t   v e r y   n e a r  

c o m m e r c i a l   a i r p o r t s ,   a n d   a r e   p r e s e n t e d   a s   t h e   e n t r i e s   f o r  Group 3 i n   T a b l e  I. 
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T a b l e  I 

EXPERIMENTAL DESIGN FOR 
SWDY OF THE EFFECTS OF SIMUJATED SONIC BOOMS  ON SLEEPERS 

I WEEK I I 
T o t a l  

Week S t i m u l a t i o n s /  
Group S u b j e c t  8 I 6 5 4 3 2 1 N i g h t  S t i m u l u s  

I 
I 1 1.6 p s f  .6 p s f  2 . 1  p s f J  .6  p s f  1 .6  pSf . 8  p s f  1.6 p s f  p s f   ( b )  1 Boom 

2 2. I p s f  .8 p s f  r 2 . i p S f  .a p s f  1.6 P S ~  .6  p s f  2 . 1  p s f  .8 p s f  
1 9 2  

I I I I I I I I I  I I I I 
1 I r - - - - - - P  
! 3  4 113 PNdB 103 PNdB 93 PNdB 83 PNdB 1113 PNdB 103 PNdB 93 PNdB 83 PNdB") 

I 1 F1;E:er 1 96 
I 1 Boom & 1 1 I EEG C h a n g e   T h r e s h o l d s  

r"""""""""""-~ 

F l y o v e r  1 Boom & Jet  F l y o v e r s   o f   V a r y i n g   I n t e n s i t y  I 1  I n d e f i n i t e  

( a )   E a c h  ce l l  e n t r y   i n d i c a t e s   t h e  boom or j e t  f l y o v e r   i n t e n s i t y   u s e d   d u r i n g   a n y   o n e   n i g h t .   T w e l v e   s t i m u l a t i o n s  were p l a n n e d   e a c h  
n i g h t .  Cells t o  t h e   l e f t   o f   d a s h e d   l i n e  (-----) were c o m p l e t e d .  

( b )   P e a k   o v e r p r e s s u r e   o f  boom a s   w o u l d   b e   m e a s u r e d   o u t d o o r s .   C o m p a r a b l e   p e a k   l e v e l   i n d o o r s   a b o u t  8 dB less. 

( c )   E s t i m a t e d   p e n k   p e r c e i v e d   n o i s e   l e v e l . ,  i n  PNdB, o f   n o i s e   f r o m   s u b s o n i c  j e t  a i r c r a f t   f l y o v e r  If  m e a s u r e d   o u t d o o r s .   P e a k   l e v e l  
m e a s u r e d   i n d o o r s   i n  test room was 20 PNdB less t h a n   e s t i m a t e d   o u t d o o r   l e v e l .  



Table  I1 

CHARACTERISTICS OF EXPERIMENTAL SWLATED BOOMS 

Boom P r e s s u r e  
(ou tdoor s )  

i n   p s f  

. 6  

.8 

1 . 6  

2 . 1  

Boom Rise Time 
i n  m s  ( a )  

~ 

1 0  

10  
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16  

Boom 
i n  

Sound P r e s s u r e  
Dura t i o n  

(20-10,000 HZ) m s  (b) 
L e v e l   i n  Room (C 1 

175 
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190 
I 2 00 
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( a )  Rise time v a r i e d   w i t h i n  5 0.5 m s  

(b)  D u r a t i o n   v a r i e d   w i t h i n  ? 1.0  m s  

( c )   In  dB re 0.0002  dyne/cm 
2 

Brue l  & K j a e r   P r e c i s i o n  Sound Level  Meter, Type 2203 
Condenser  Microphone  Cartridge Type  4131 

3. I n s t r u m e n t a t i o n  

Two e l e c t r o p h y s i o l o g i c a l   r e c o r d i n g s   f r o m   e a c h   s u b j e c t  were monitored 

c o n t i n u o u s l y   d u r i n g   t h e   c o u r s e   o f  a n i g h t ' s  work: (1) t h e   f r o n t a l  elec- 

t roencephalogram (EEG), m o n o p o l a r   w i t h   r e s p e c t   t o   t h e   h o m o l a t e r a l   e a r ,  

and ( 2 )   t h e   b i p o l a r   r a p i d  eye  movements (REM), obtained  from  two elec- 

t r o d e s   p r o x i m a l   t o   t h e   o u t e r   c a n t h i .  The e l e c t r o d e s   ( G r a s s   I n s t r u m e n t s ,  

Model  E5S)  were a f f i x e d  by s u r g i c a l   a d h e s i v e   t a p e ,   s i n c e   u s e   o f   c o l l o d i o n  

a n d   e l e c t r o d e   p a s t e  was  found t o   p r o d u c e   s k i n   i r r i t a t i o n   a f t e r   s e v e r a l  

s e s s i o n s .   F o r   t h e  same r e a s o n   t h e   f r o n t a l   e l e c t r o d e  was not   p laced   con-  

s i s t e n t l y   o n   e i t h e r   t h e   r i g h t   o r   l e f t   f o r e d e a d ;   t h e   p o s i t i o n s  of a l l  

e l e c t r o d e s  were v a r i e d   t o   m i n i m i z e   i r r i t a t i o n .  No s i g n i f i c a n t   v a r i a t i o n s  

i n   t h e  EEG o r  REM were d i s c e r n i b l e  as a r e s u l t  of t h e s e   s m a l l   s h i f t s   i n  

e l e c t r o d e  s i t e .  E l e c t r o p h y s i o l o g i c a l   s i g n a l s   p i c k e d  up by t h e   e l e c t r o d e s  

were a m p l i f i e d  by Honeywell Ak and DC ampl i f i e r s   (mode l s  108 and  109, re- 

s p e c t i v e l y )   a n d   r e c o r d e d  on the   Honeywel l   V i s i co rde r  (model  1508).. 

I n   a d d i t i o n   t o   t h e   e l e c t r o p h y s i o l o g i c a l   s i g n a l s ,   t r a c e s   o f   s t i m u l u s  

o c c u r r e n c e   a n d   t h e   s u b j e c t ' s  "awake response"  were o b t a i n e d .   T h e s e   t r a c e s  

a r e   i l l u s t r a t e d   i n   F i g .  13. S t imulus   occu r rence  was d e t e c t e d  by an  
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FIG. 13 SAMPLE  TRACINGS OF STIMULUS  OCCURRENCE  AND AWAKE RESPONSE INDICATORS 



I 

a c c e l e r o m e t e r   a t t a c h e d  t o  t h e   w a l l   o f   t h e   p r e s s u r e   c h a m b e r .  The  "awake 

r e sponse"   occu r red  when a s u b j e c t ,  upon  being  awakened  by some s t i m u l u s ,  

pushed a swi tch   hanging   f rom  the   head   of  h i s  bed .   I f   one   subjec t   Oper-  

a t e d   t h e   s w i t c h ,  a p o s i t i v e   v o l t a g e   a p p e a r e d   o n   t h e   V i s i c o r d e r ;   i f   t h e  

o t h e r   s u b j e c t   o p e r a t e d  the swi t ch ,  a n e g a t i v e   v o l t a g e   a p p e a r e d .  An 

in t e rcom  be tween   t he  test  a n d   c o n t r o l  rooms provided   cont inuous   moni tor -  

i n g  of t h e   a c o u s t i c   e n v i r o n m e n t   i n   t h e  test room. 

4 .  Procedure  

On t h e i r   f i r s t   n i g h t   i n  t h e  l a b o r a t o r y ,   p a i r s   o f   s u b j e c t s  were t o l d  

i n f o r m a l l y   o f  t he  purpose   and   na ture  of t he  e x p e r i m e n t ,   t o l d   t h e  number 

of  days a week they   wou ld   be   r equ i r ed ,  shown the  mechanics  of the  boom 

g e n e r a t o r ,   a n d   g i v e n  a demonst ra t ion   o f  a s i n g l e  boom of   about   one  psf .  

The subjec ts   then   d i s robed ,   pu t   on   pa jamas ,   and   had  t h e  e l e c t r o d e s  set  

i n   p l a c e .  Most s u b j e c t s  were a l l o w e d   o n e   n i g h t   i n  which t o  accommodate 

t o  the  e n v i r o n m e n t   a n d   t h e   e l e c t r o d e s ;  two s u b j e c t s   r e q u i r e d  two n i g h t s  

for   accommodat ion .   Dur ing  t h e  accommodation  nights t he  EEG was monitored 

s p o r a d i c a l l y   t o   d e t e r m i n e  whether t h e  s u b j e c t s  were sleeping,   and  what  

was t h e  c o n d i t i o n   o f  electrode a t t achmen t s .  

After the  accommodat ion  nights ,  EEGs were r e c o r d e d   c o n t i n u o u s l y   f o r  

t w o   n i g h t s   w i t h o u t   a n y   s t i m u l a t i o n .   I f  t he  records were s i m i l a r ,  t h e  

second   n igh t   was   u sed   a s  a base l ine   r eco rd .   On ly   one   sub jec t   r equ i r ed  

three n i g h t s  t o  show t w o   s i m i l a r   r e c o r d s   a n d ,   i n  t h i s  c a s e ,  the t h i r d  

n i g h t  was  used a s  a b a s e l i n e  EEG. On these accommoda t ion   n igh t s ,   a f t e r  

t he  i n s t r u m e n t a t i o n  was c a l i b r a t e d   a n d   c h e c k e d ,  t h e  s u b j e c t s  were re- 

p e a t e d l y   t o l d  t o  close the swi tch  on their bed three times i f   t h e y   s h o u l d  

awaken f o r   a n y   r e a s o n .   T h e n ,   a s  i f  t o  check the  s t a t u s   o f  the switches, 

t h e  s u b j e c t s  were a l t e r n a t e l y   a s k e d   t o  close them three times. 

On t h e  first a n d   f o l l o w i n g   e x p e r i m e n t a l   n i g h t s  the e l e c t r o d e s  were 

a t t a c h e d .  The s u b j e c t s  were asked t o  test t h e  awake swi t ches   and   t hen  

t o  go t o  s l e e p .  They were n o t   t o l d   w h e t h e r  booms 

t h a t   n i g h t .  After t h e   e x p e r i m e n t e r  was s u r e  both 

s t i m u l a t i o n   b e g a n .  The s t i m u l u s   s e q u e n c e   u s u a l l y  

a f t e r  t h e  s u b j e c t s  were t o l d  t o  go  t o  s l e e p .  The 

o r   f l y o v e r s  would  occur 

s u b j e c t s  were s l e e p i n g ,  

began 30-45 minutes  

s t i m u l i  were g iven  
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a b o u t   e v e r y  15 m i n u t e s   w i t h  a r ange  of 10-30 m i n u t e s .   T h e   r e a s o n   f o r  t h i s  

r a n g e  i s  expla ined   be low.  

Wi l l i ams   (Ref .   13 )   has   i nd ica t ed   t ha t   t he   s l eep   s t ages   occu r   t h ' rough-  

o u t   t h e   n i g h t   i n   t h e   f o l l o w i n g   p e r c e n t a g e s :   s t a g e  1, 2 p e r c e n t ;   s t a g e  2 ,  

50 p e r c e n t ;   s t a g e  3, 5 p e r c e n t ;   s t a g e  4 ,  15 p e r c e n t ;   s t a g e  REM, 20 p e r -  

cen t ;   awake ,  8 p e r c e n t .  (A d e s c r i p t i o n   o f   t h e s e   s t a g e s  w i l l  b e   f o u n d   i n  

Appendix A . )  S i n c e   t h e   m o s t  common s t a g e s   a r e   2 ,  REM, and 3 and 4 com- 

b ined  , it was dec ided  t o  s t u d y   t h e   e f f e c t s  of s t i m u l a t i o n   d u r i n g  

each   o f   t hese   s t ages ,   t he reby   s ampl ing   approx ima te ly  90 p e r c e n t   o f   t h e  

n i g h t t i m e   a c t i v i t y .  To s t i m u l a t e   t h e   s u b j e c t   t o o   f r e q u e n t l y   d u r i n g  a 

n igh t   wou ld   have   been   undes i r ab le   s ince   h i s   u sua l   s l eep   pa t t e rn   wou ld  

have   been   d i s rup ted .  I t  was e s t i m a t e d   t h a t   i f   s t i m u l a t i o n   a t  low i n t e n -  

s i t y  l e v e l s   o c c u r r e d   a t   a b o u t   1 5 - m i n u t e   i n t e r v a l s ,   t h e   s u b j e c t   w o u l d   b e  

s t i m u l a t e d   a b o u t   f o u r  times i n   e a c h  of t h e   t h r e e   s t a t e s   o f   i n t e r e s t   w i t h -  

o u t   a n y   s i g n i f i c a n t   d i s r u p t i o n   o f   s l e e p   p a t t e r n .  A s  it t u r n e d   o u t ,  i t  

w a s   i m p o s s i b l e   t o   a d h e r e  s t r i c t l y  t o   t h e   1 5 - m i n u t e   i n t e r v a l  or, more i m -  

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

S i n c e   t h e r e   c o u l d   b e   n o   a s s u r a n c e   t h a t   t w o   s u b j e c t s   w o u l d   h a v e   i d e n t i c a l  

s l e e p   p a t t e r n s ,   s t i m u l a t i o n  for o n e   s u b j e c t   w o u l d   o c c a s i o n a l l y   b e   d e -  

l a y e d   b e c a u s e   t h e   o t h e r   s u b j e c t  was i n  a s l e e p   s t a g e   d u r i n g   w h i c h   s t i m u -  

l a t i o n  was   no t   requi red .  

* 

S t i m u l a t i o n s  were v a r i e d  so  t h e y   d i d   n o t   a l w a y s   o c c u r   a t  a p a r t i c u -  

l a r  time dur ing   any   g iven   s t age .   The re   a r e   app rox ima te ly   equa l   numbers  

of s t i m u l a t i o n s   d u r i n g   t h e   e a r l y ,   m i d d l e ,   a n d   l a t e   m i n u t e s   o f   t h e   t h r e e  

s l e e p   s t a g e s   s t u d i e d .   S i n c e   t h e   s l e e p   c y c l ' e   r e p e a t s   i t s e l f   a b o u t   e v e r y  

90 minu tes   (Re f s .   13 ,15 )   and   s ince  a n i g h t ' s  work   cons is ted  of 12   s t imu-  

l a t i o n s ,   t h e   r e s u l t s   a r e   a p p l i c a b l e   t o   t h e   f i r s t   t h r e e  or fou r   hour s   o f  

s l e e p .  The s u b j e c t s   n o r m a l l y   w e n t   t o   b e d   a t   a b o u t  1 1 : O O  p .m. ,   and  the 

e x p e r i m e n t a l  work f o r  a n igh t   ended   a t   abou t   3 :30   a .m .   Dur ing   t h i s  time 

* 
S t a g e  3 i s  hard t o   d i s t i n g u i s h   f r o m   s t a g e  
a s  w e  w i l l  see i n   t h i s   s t u d y ,  a s i n g l e  or 
See   Re f s .   7 ,15 .  

4 and i s  somet imes   cons idered ,  
v e r y   s i m i l a r   s t a g e   o f   s l e e p .  
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t h e   s u b j e c t s   g e n e r a l l y   w e n t   t h r o u g h  two c o m p l e t e   s l e e p   c y c l e s ;   t h a t  i s ,  

two   pe r iods   o f   s t ages   2 ,  3. and 4 ,  and REM. 

5. EEG S c o r i n g  

S e v e r a l   v a r i e t i e s   o f  EEG r e s p o n s e s  were p o s s i b l e .   D e s c r i b e d   i n  

Table  111 is a sco r ing   s cheme   t ha t   r e f l ec t ed   t he   amoun t   o f   awaken ing .  

I t  was   deve loped   w i th   t he   a s s i s t ance   o f  D r .  Harold  Wil l iams of t h e  

U n i v e r s i t y  Of Oklahoma Medical  School.   Examples of t h e  EEG r e s p o n s e s  

t o  s i m u l a t e d   s o n i c  booms w i l l  be  found i n  Appendix A .  

6. Terminat ion  of   Experiment  

Due t o  t i m e  a n d   b u d g e t a r y   l i m i t a t i o n s   t h e   e x p e r i m e n t   a s   d e s c r i b e d  

i n   T a b l e  I has   not   been  completed.   Group 1 completed 11 n i g h t s ,  Group 2 

comple ted   four   n ights ,   Group 3 completed three nights ,   and  Group 4 o n l y  

accommodated t o   t h e   e n v i r o n m e n t .   H e n c e ,   t h e   r e s u l t s  must b e   i n t e r p r e t e d  

cau t ious ly   because   o f   t he   p rema tu re   t e rmina t ion   o f   t he   s tudy .  

C .  R e s u l t s  

1. Response  and  Adaptation t o   S o n i c  Booms--Group 1 

The i n i t i a l   q u e s t i o n  was w h e t h e r   t h e   s u b j e c t s   c o n s t i t u t i n g  Group 1 

showed d i f f e r e n t   s e n s i t i v i t i e s  t o  booms.  The d a t a   p r e s e n t e d   i n   T a b l e  I V  

i n d i c a t e   t h a t   t h e  two s u b j e c t s   h a v e   s i m i l a r   s e n s i t i v i t i e s   t o  booms i n  

s l e e p   s t a g e s  2 and REM, b u t   a r e   d i f f e r e n t   i n   t h e  combined 3 and 4 s t a g e .  

a .   S l e e p   S t a g e  2 

C o m p a r i s o n   o f   t h e   f r e q u e n c i e s   o f   s c o r e s   f o r  low ( .6   and . 8  p s f )  

a n d   h i g h   ( 1 . 6   a n d   2 . 1   p s f )   i n t e n s i t y  booms s u g g e s t e d   t h i s   t o   b e  a reason-  

a b l e   d i v i s i o n   o f   i n t e n s i t i e s .   I n d e e d ,   s t a t i s t i c a l   a n a l y s i s   v e r i f i e d   t h e  

p r e d i c t i o n ,   a n d   i n   o r d e r   t o   s i m p l i f y   p r e s e n t a t i o n   o f   t h e   r e s u l t s ,   t h e  re- 

s p o n s e s   t o   s o n i c  booms w i l l  h e n c e f o r t h  be g rouped   acco rd ing   t o   whe the r  

t h e  booms were of low (average  of .7 p s f )   o r   h i g h   ( a v e r a g e   o f   1 . 9   p s f )  

i n t e n s i t y   a s   d e s c r i b e d .   T a b l e  V shows c l e a r l y   t h e   e f f e c t s   o f   h i g h   a n d  

low i n t e n s i t y   s t i m u l a t i o n  on EEG r e s p o n s e s   i n   s t a g e  2 s l e e p .  

The s h i f t   t o w a r d  more awakening  due t o  i n c r e a s e d   i n t e n s i t i e s  

of s i m u l a t e d  booms d u r i n g  stage 2 s l e e p  is i l l u s t r a t e d   i n   F i g .  14. 
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Tab le  I11 

EEG  SCORING CRITERIA 

Score  Change  Required on EEG Record 
~~ ~~- ~ ~ _ _ _ ~  ~~ .. 

No Change 

1 

2 

Low Amplitude K Complex, l.ess t h a n   1 5 0   m i c r o v o l t s ,   o c c u r -  
r i n g   w i t h i n   o n e   s e c o n d   o f   t e r m i n a t i o n   o f   s t i m u l u s ,   b u t  
u s u a l l y  i s  c o i n c i d e n t a l   w i t h   s t i m u l a t i o n  

~ ~~ - .  ~- ~ " 

High  Amplitude K Complex,   above  150  microvol ts ,  or s e v e r a l  
K r e sponses ,   occu r r ing   w i th in   two   s econds  of t e r m i n a t i o n  of 
t h e   s t i m u l u s  

P resence   o f   A lpha   pa t t e rn  or s y n c h r o n i z a t i o n   w i t h i n  t w o  
seconds of t e r m i n a t i o n  of s t i m u l a t i o n  

L 
5 

Movement of f a c i a l  or eye   musc le s ,  or body  movement, w i t h i n  
s i x   s e c o n d s  of s t i m u l u s   t e r m i n a t i o n  

S h i f t   i n   s l e e p   s t a g e   o n e   s t e p   ( e . g . ,   f r o m  a s t a g e  3 t o  a 
s t a g e  2 )  wi th in   one   minute  of s t i m u l u s   t e r m i n a t i o n  

S h i f t   i n   s l e e p   s t a g e   t w o   s t e p s  Ce.g., from a s t a g e  4 t o  a 
s t a g e  2 )  w i t h i n   o n e   m i n u t e   o f   s t i m u l u s   t e r m i n a t i o n .   T h i s  
ca t egory   was   neve r   u sed ,   s ince  a s h i f t  of two  s tages   was 
always  accompanied by awakening 

Prolonged  Alpha movement,  and a n  Awake r e s p o n s e ,   w i t h i n   o n e  
and  one-half   minutes of s t i m u l u s   t e r m i n a t i o n .   T h e   d e l a y  
was r e q u i r e d   t o   a l l o w   t h e   s u b j e c t  time t o   f i n d   t h e   s w i t c h  
which was hanging  f rom  the  bed  headboard 

6 

~ .~ ~~ ~~ ~ -. ~ ~ 
~~ 

7 

( a )   T h e s e   s c o r e s   a r e   n o t   i n d e p e n d e n t   s i n c e  a h i g h   s c o r e   u s u a l l y   i n -  
c luded a l l   t h e  lower s c o r e s .  For example: A r e sponse   o f  3 i n d i -  
c a t e d   t h a t  K complexes   a l so   occu r red .  
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Table I V  

FREQUENCY AND PERCENTAGE 
OF EEG FtESPONSE  SCORES DURING THREE SLEEP STAGES 

Subjec t  
Group 1 

B N =  
% 

EEG Response  Scores 

2; 5 10 

Stage 2 
- 

2 

8 
29 
- 

21 
36 

- 
3 

8 
29 
- 

16 
27 

S tage  3 & 4 ( c )   S t age  REM (d l  

12  10  30 30 20  12 8 8 3 9 4 4  

( a )  Upper number i s  frequency,  and lower i s  pe rcen tage   w i th in   each   s l eep   s t age  

(b) X2 = 6.62, 5 df  (degrees  of  freedom), N.S.  (Not s i g n i f i c a n t ,  so  i n d i c a t e d   i f   p > O . l O )  

(c)   Scores  4 and 5 combined, ( l )  2 = 17.15, 4 d f ,  .005 > p > .001 
(d)   Scores  1 through 6 combined, X = 0.02, 1 d f ,  N.S. 2 

(1)   Tabular ized   Chi   Square   s ign i f icance   l eve ls   a re  good ay? rou ima t ions   i f ,   i n   ca ses   w i th   two  
or more degrees  of  freedom,  fewer  than  20  percent  of  the cel ls  have  expected  f requencies  
of less than  1 (Ref .   16) .  However,  Walker  and Lev (Ref .   17 )   i nd ica t e   t ha t   " rough ly  ap- 
p r o x i m a t e "   p r o b a b i l i t i e s   f o r  tests of s i g n i f i c a n c e   a r e   o b t a i n e d   i f   t h e   e x p e c t e d   f r e q u e n -  
cies i n   a l l  ce l l s  a r e  2 or more,  Because  of  lack of s u f f i c i e n t   d a t a ,   i n  most s t a t i s t i c a l  
ana lyses  some response scores had t o  be  combined t o   o b t a i n   t h e   e x p e c t e d   f r e q u e n c y   o f   a t  
l e a s t   2 .  The combina t ions   a re   no ted .  



T a b l e  V 

FREQUENCY AND PERCENTAGE  OF  EEG  RESPONSE  SCORES  OF SUBJECTS A AND B 
TO L D W  AND H I G H  INTENSITY BOOMS DURING S U E P  STAGE 2 

Outdoor  
Boom I n t e n s i t y  

t 
Low N =  

(.6 and .8 psf) 
A v e r .  .7  psf % =  

High N =  
(. 16 and 2 . 1  psf) 
A v e r .  1 . 9  psf % =  

EEG R e t  
I 

onse Scores 

Scores 4 and  7 combined ,  X' = 17.38, 4 df, .005>p>.OOl 

5 0  

40 

I- 
z 
W 
V 

W 
a 

30 

a 

2 0  

I O  

0 - 
0 

AVER. 0.7 psf  OUTDOOR 
BOOM INTENSITY 

AVER. 1.9 psf 
x, OUTDOOR BOOM 

I 
I 
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Cumula t ive   pe rcen tages  show t h a t   f o r  low i n t e n s i t y  booms,  96 p e r c e n t   o f  

a l l  EEG re sponses  were 3 (Alpha or s y n c h r o n i z a t i o n )  or less. I n   c o n t r a s t ,  

on ly  65 p e r c e n t   o f   t h e  EEG r e sponses  t o  h i g h   i n t e n s i t y  booms were 3 or les: 

Having  shown t h a t   t h e  two s u b j e c t s   r e s p o n d e d   s i g n i f i c a n t l y   t o  

v a r i a t i o n s   i n   s i m u l a t e d  boom i n t e n s i t y ,   t h e   n e x t   q u e s t i o n  was whe the r   t hey  

had  adapted t o  booms,   and   whether   adapta t ion  was d i f f e r e n t   f o r   h i g h   a n d  

low i n t e n s i t y  booms.  The r e s u l t s   i n d i c a t e   t h a t   a d a p t a t i o n  t o  low i n t e n -  

s i t y  booms occur red ,   bu t   no t  t o  t h o s e  of h i g h   i n t e n s i t y .  The  range of 

EEG r e s p o n s e   s c o r e s   o n   t h e   f i r s t  two e x p e r i m e n t a l   n i g h t s   i n   c o m p a r i s o n  

w i t h   t h e   l a s t  two n i g h t s   i n  which t h e  s t i m u l i  were o f   e q u i v a l e n t   i n t e n -  

s i t ies  i s  shown i n   T a b l e  V I .  A Chi   Square   computed   wi th   the   scores   a r -  

r a n g e d   a s  shown i n   T a b l e  V I  w a s   o f   m a r g i n a l   s i g n i f i c a n c e  (X10 p e r c e n t ) ,  

b u t   d i d   s u g g e s t   t h a t   i f  a d i f f e r e n c e   e x i s t e d ,  i t  was  due t o   t h e   l a r g e  

number  of 0 r e s p o n s e s   o b t a i n e d   o n   n i g h t s  9 and 10. I n d e e d ,   r e c a s t i n g  

t h e   d a t a   i n t o   t h e  two  by  two t a b l e   ( s e e   n o t e   a t   b o t t o m   o f   t h e   t a b l e )   p r o -  

v i d e d   s t a t i s t i c a l   c o n f i r m a t i o n   f o r   t h e   h y p o t h e s i s .   T h i s   f i n d i n g   s u g -  

g e s t s   t h a t   a d a p t a t i o n   t o  booms i s  due t o   a n   i n c r e m e n t a l   c h a n g e   i n   s e n s i -  

t i v i t y   t o  booms r a t h e r   t h a n  a s m a l l  upward s h i f t  of o v e r a l l   s e n s i t i v i t y ,  

and i s  c o n s i s t e n t   w i t h   t h e   o b s e r v a t i o n  by some i n v e s t i g a t o r s   ( R e f s .   7 , 1 5 )  

t h a t   t h e  most e f f e c t i v e   a w a k e n i n g   s t i m u l i   a r e   t h o s e   t h a t   h a v e   m e a n i n g  or 

s i g n i f i c a n c e   f o r   t h e   s l e e p e r - - s u c h   a s   h i s  name. 

Table  V I  

FREQUENCY AND PERCENTAGE OF EEG  RESPONSE  SCORES OF SUBJECTS A AND B 
TO LOW INTENSITY BOOMS ON DIFFERENT  NIGHTS DURING SmEP STAGE 2 

EEG Response  Scores 
Nights   and  

Boom I n t e n s i t i e s  

41 4 1  18 (.6  and .8 p s f )  % = 
7 7 3 Nigh t s  1 and 2 N = 

7 5 4 3 2 1 0 

Nigh t s  9 and  10 N = 
6 18 23 18 35 (.8 and .8  p s f )  % = 
1 3 4 3 6 

Scores  1 through 7 combined, X = 5.06,  1 d f ,   . 0 2 5 >  p > .02 
2 
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The effects of a d a p t a t i o n  on t h e  EEG r e s p o n s e s  of b o t h   s u b j e c t s  

i n  s t a g e  2 t o  low i n t e n s i t y  booms a r e   i l l u s t r a t e d   i n   F i g .  15. Note t h e  

s i g n i f i c a n t   s h i f t  downward  of t h e   c u r v e   f o r   n i g h t s  9 a n d   1 0 ,   a n d   t h a t   t h e  

s u b j e c t s   r e s p o n d e d  t o  a l l   t h e   s t i m u l i  i n  t h e  first two e x p e r i m e n t a l   n i g h t s  

b u t   f a i l e d  t o  respond t o  35 p e r c e n t  of t h e   l o w - i n t e n s i t y   s t i m u l i   o n   n i g h t s  

9 and 10. 
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FIG. 15 ADAPTATION AS  SHOWN 'IN STAGE 2 EEG 
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D u r i n g   s l e e p   s t a g e  2 s u b j e c t s  A and B showed l i t t l e  a d a p t a t i o n  

t o  h i g h   i n t e n s i t y  booms, a l t h o u g h   t h e r e  i s  a s u g g e s t i o n   t h a t  some  was  be- 

g i n n i n g  t o  o c c u r .   T a b l e  VI1 p r e s e n t s   t h e   d a t a   u s e d  f o r  s t a t i s t i c a l   a n a l y -  

s i s .  The suggesc ion   of   the   beginnings  of a d a p t a t i o n  i s  t h e   o c c u r r e n c e  of 

a 0 and 1 r e s p o n s e   i n   t h e   l a s t   e x p e r i m e n t a l   n i g h t s   a n d  a d e c r e a s e   i n   t h e  

f requency  of 7 r e s p o n s e s  from two o n   t h e   s e c o n d   a n d   t h i r d   n i g h t s  t o  one 
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on t h e   e i g h t h   n i g h t   a n d  none on t h e   e l e v e n t h   n i g h t .  

Table  V I 1  

FRmUENCY AND PERCENTAGE  OF EEG RESPONSE  SCORES OF SUBJECTS A AND B 
TO HIGH INTENSITY BOOMS ON DIFFERENT  NIGHTS DURING SLEEP  STAGE 2 

Nights   and  EEG Response  Scores 

Boom I n t e n s i t i e s  

13 27  27 33 (1 .6   and   2 .1   ps f )  % = 
2 4  4 5 Nigh t s  3 and 4 N =  

7 5 4 3 2 1 0 

Nigh t s  8 and 11 N = 
5 20  45 20 5 5 (1 .6   and   2 .1   p s f )  % = 
1 4 9  4 1 1 

Scores  0 and 1 d e l e t e d   a n d  score 7 combined  with 4 ,  X2 = 1.87  , 
2 d f ,  N.S. 

b .   S l eep   S t age  REM 

W i t h   r e s p e c t   t o   s l e e p   s t a g e  REM, t h e   d a t a   i n d i c a t e  a d i f f e r e n -  

t i a l   r e s p o n s e  t o  h i g h  and low i n t e n s i t y   s t i m u l i ,   b u t   n o   a d a p t a t i o n   t o  

booms of d i f f e r e n t   i n t e n s i t i e s .   T a b l e  V I 1 1  shows t h e  EEG r e sponse   s co re  

d i f f e r e n c e s   d u e   t o   i n t e n s i t y ,  and  Table I X  p r e s e n t s   t h e   d a t a   c o n c e r n i n g  

a d a p t a t i o n .  

Table  VI11 

FREQUENCY AND PERCENTAGE OF EEG RESPONSE  SCORES O F  SUBJECTS A AND B 
TO L O W  AND HIGH INTENSITY BOOMS DURING SLEEP  STAGE R E M  

Outdoor EEG Response  Scores  

Boom I n t e n s i t y  7 5 4 3 2 1 0 

Low N = 
3 6 9 1  ( . 6   and  .8 p s f )  % = 
1 2 31 

High N =  
3 7 7 17 66 (1.6  and 2 . 1  p s f )  % = 
1 2 2 5 1 9  

Scores  1 th rough  7 combined, X = 4 .8 ,  1 d f ,  . 0 5 > p  >.025 2 
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T a b l e  I X  

FREQUENCY AND PERCENTAGE OF EEG  RESPONSE  SCORES  OF  SUBJECTS A AND B 
TO L D W  AND HIGH INTENSITY BOOMS ON DIFFERENT  NIGHTS 

DURING SLEEP STAGE REM 

(a )  S c o r e s  1 th rough  7 combined, X = 0, 1 d f ,  N .S .  

(b )   Sco res  1 th rough 7 combined, X = 0, 1 d f ,  N . S .  

2 

2 

c. S l e e p   S t a g e s  3 and 4 

It was demonst ra ted   p rev ious ly   (Table   IV)   tha t   the  two s u b j e c t s  

of Group 1 r e s p o n d e d   d i f f e r e n t l y  t o  s t i m u l a t i o n   d u r i n g   s l e e p   s t a g e s  3 and 

4 ,  S O  t h a t   f u r t h e r   a n a l y s i s   r e g a r d i n g   t h e i r   r e s p o n s e   d i f f e r e n c e s  t o  booms 

of v a r y i n g   i n t e n s i t y   a n d   t h e i r   a d a p t a t i o n   m u s t   b e   p r e c e d e d   b y   a n   a n a l y s i s  

of t h e   i n d i v i d u a l   s u b j e c t s   w i t h   r e s p e c t  t o  t h e i r   r e s p o n s e s   d u r i n g   s t a g e s  

3 and 4 .  S u b j e c t  A was found t o  r e s p o n d   d i f f e r e n t l y   i n   s t a g e  3 t h a n   i n  

s t a g e  4 w h i l e   s u b j e c t  B was  found t o  r e s p o n d   s i m i l a r l y   i n   t h e s e   s t a g e s .  

T h e s e   a n a l y s e s   a r e   p r e s e n t e d   i n   T a b l e  X .  

S u b j e c t  B was  found t o  r e s p o n d   d i f f e r e n t i a l l y  t o  low and   h igh  

i n t e n s i t y   s t i m u l i ,   w i t h   h i g h   i n t e n s i t y   s t i m u l i   r e s u l t i n g   i n   g r e a t e r  

awakening.  However,   subject B d i d   n o t  show a d a p t a t i o n  t o  e i t h e r  low or 

h i g h   i n t e n s i t y   s t i m u l i .   T a b l e  X I  p r e s e n t s   t h e   d a t a   r e g a r d i n g   r e s p o n s e  

scores t o  low a n d   h i g h   i n t e n s i t y   s t i m u l i ,   a n d   T a b l e  X I 1  c o n t a i n s   t h e  

a d a p t a t i o n   a n a l y s e s .   A l t h o u g h   t h e   s t a t i s t i c a l  test  f o r  a d a p t a t i o n  was 

n o t   s i g n i f i c a n t ,   t h a t  some a d a p t a t i o n  may have   been   occur r ing  i s  sugges t ed  
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I 

T a b l e  X 

FREQUENCY AND PERCENTAGE OF EEG  RESPONSE  SCORES OF SUBJECTS A AND B 

DURING SLEEP STAGES 3 AND 4 
TO WHI AND HIGH INTENSITY BOOMS COMJ3INED 

EEG S u b j e c t  4 (a 1 
Response 

S c o r e s   S t a g e  3 S t a g e  4 

6 
% 22 

31 
84 

1 N =  7 2 
% 26 5 

2 
N =  8 3 
% 30 8 

N =  4 
% 15 

4 
N =  2 1 
% 7 3 

1 5 N = (  % 

7 
N =  
% 

i 

Sub.j ec 

S t a g e  3 

6 
27 

6 
27 

4 
18 

3 
14 

3 
14 

S t a g e  4 

9 
32 

9 
32 

6 
2 1  

0 
.J 

11 

1 
4 

( a )   S c o r e s  3 and 4 combined, X = 24.6, 3 df , p <  .OOl 

(b )   Sco res  5 and 7 combined, X2 = 1 . 9 ,  4 d f ,  N.S. 

2 

Tab le  X I  

FREQUENCY AND PERCENTAGE OF EEG  RESPONSE  SCORES OF SUBJECT B 
TO LOW AND HIGH INTENSITY BOOMS 

DURING SLEEP  STATES 3 AND 4 ,  COMBINED 

I n t e n s i t y  

( .6   and  .8 p s f )  % 
13 LOW N = 

0 

9 (1 .6   and   2 .1  p s f ) %  
2 High N =  

48 

S c o r e s  4 and 5 combined, 

EEG Response   Scores  I 

x = 21.15 ,  3 d f ,   p <  .001 
2 
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T a b l e  XI1 
FREQUENCY AND PERCENTAGE  OF  EEG  RESPONSE  SCORES  OF  SUBJECT B 

FOR  EARLY AND LATE  EXPERIMENT  NIGHTS 
DURING SLEEP STAGES 3 AND 4 ,  COMBINED 

(1.6 a n d   2 . 1   p s f )  % 60 

2 3  15 15 31 15 (1.6,1.6 a n d   2 . 1   p s f )  % 
3 2  2 4 2 N i g h t s   7 , 8 , 1 1  N =  

10 30 
HIGH 

( a )   S c o r e s  1 th rough  4 combined, X2 = .49, 1 d f ,  N.S. 

(b) S c o r e s  1 t h rough  5 combined , X = .30, 1 df , N .  S. 
2 

b y   t h e   i n c r e a s e d   f r e q u e n c y   o f  0 scores f o r  n i g h t s  9 and 10 a n d   t h e . i n -  

c r e a s e d   f r e q u e n c y  of 0 t o  1 scores f o r  n i g h t s  7 ,  8, and 11. 

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

l u s   i n t e n s i t y  shown  by  Subject B, n o   s u c h   d i f f e r e n t i a l   r e s p o n s e  was 

demons t r a t ed   by   sub jec t  A i n   e i t h e r   s l e e p   s t a g e  3 or 4 .  T h e s e   d a t a   a r e  

p r e s e n t e d   i n   T a b l e  XIII. 

Because of t h e   s m a l l   f r e q u e n c i e s   o b t a i n e d   i n   s t a g e s  3 and 4 ,  i t  

i s  o b v i o u s   t h a t   s t a t i s t i c a l  tests f o r   a d a p t a t i o n  were based   on   ve ry   sma l l  

samples   and  tended t o  b e   u n r e l i a b l e .  However, t h e  two X a n a l y s e s   p e r -  

f o r m e d   s u g g e s t   t h a t   a d a p t a t i o n   d i d   n o t   o c c u r   i n   e i t h e r   s t a g e  3 o r  4 .  

2 

2 .   Response  and  Adaptat ion t o  Sonic  Booms--Group 2 

S u b j e c t s  C and D of  Group 2 were t e s t e d   o n l y   f o u r   n i g h t s   a n d  l i t t l e  

r e g a r d i n g   a d a p t a t i o n   t o  booms was l e a r n e d .  It was  found,   however ,   that  

t h i s   p a i r  o f   s u b j e c t s   h a d   s t a t i s t i c a l l y   s i m i l a r  EEG r e s p o n s e  scores t o  

s t i m u l a t i o n   d u r i n g   s l e e p   s t a g e s   2 ,  3 and 4 combined,  and REM. S u b j e c t  A 
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Table  X I 1 1  

FREQUENCY AND PERCENTAGE  OF  EEG  RESPONSE  SCORES 
OF  SUBJECT A I N  SLEEP  STAGES 3 AND 4 

( a )   S c o r e s  3 and 4 combined, X = 1.28, 3 d f ,  N . S .  

( b )   Sco res  1 through 4 combined, X2 = .664,  1 d f ,  N .  S. 

2 

of  Group 1, i t  w i l l  be   r emembered ,   showed   d i f f e ren t   s ens i t i v i ty  t o  s t imu-  

l a t i o n   d u r i n g   s t a g e s  3 and 4 .  As i n  Group 1, scores i n   r e s p o n s e  t o  

. 6   p s f   s t i m u l a t i o n  were s t a t i s t i c a l l y   s i m i l a r  t o  t h o s e   a t  .8 p s f ,   a n d  

scores i n   r e s p o n s e   t o  1 .6  p s f   a n d   2 . 1   p s f   s t i m u l a t i o n  were s t a t i s t i c a l l y  

e q u i v a l e n t .  

3. Response  and  Adaptat ion t o  Noise from  Subsonic Je t  A i r c r a f t - -  
Group 3- - 

The response  of  Group 3 t o  j e t  a i r c r a f t   f l y o v e r s  was d r a m a t i c a l l y  

d i f f e r e n t   f r o m   t h a t   o f   G r o u p s  1 and 2 t o   s i m u l a t e d  booms. Because of 

t h e   s m a l l  number of o b s e r v a t i o n s   f o r   e a c h   s l e e p   s t a g e   w i t h   a n y   f l y o v e r  

i n t e n s i t y ,   s t a t i s t i c a l   c o m p a r i s o n s   o f   f l y o v e r   a n d  boom d a t a   a r e   l i k e l y  

t o  l e a d  t o  s p u r i o u s   c o n c l u s i o n s .  On t h e  f i r s t  n i g h t  of s t i m u l a t i o n  

( w i t h   a n   o u t d o o r   i n t e n s i t y   o f  93 PNdB) 83 p e r c e n t  of t h e   r e s p o n s e s  were 

0 ,  w i t h   o n l y   t h r e e  scores b e i n g  1 or 2 .  On t h e   s e c o n d   n i g h t   ( w i t h   a n  

o u t d o o r   i n t e n s i t y  of103 PNdB) 20 p e r c e n t  of t h e   r e s p o n s e s  were 0 and 33 

p e r c e n t  were 7, w i t h   t h e   r e m a i n i n g   4 7   p e r c e n t   b e i n g   d i s t r i b u t e d  among 

t h e   o t h e r   f o u r  scores w i t h o u t   r e g a r d  t o  s l e e p   s t a g e .  On t h e   t h i r d   n i g h t  
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( w i t h   a n   o u t d o o r   i n t e n s i t y   o f  113 PNdB) a f t e r  a 5 respons-s   by   bo th   sub-  

jects t o  t h e   f i r s t   s l i m u l a t i o n ,  92 p e r c e n t   o f   t h e   r e m a i n i n g   r e s p o n s e s  

were awakening, or 7 .  T h u s ,   w i t h   h i g h   i n t e n s i t y   f l y o v e r ,  i t  a p p e a r s   t h e  

s u b j e c t s   a r e   l i k e l y  t o  be  awakened.   Whether   adaptat ion  might   occur  is  

unknown. These   da ta   a re   summar ized   in   Table  XIV.  

Tab le  XIV 

FREQUENCY AND PERChGTRGE  OF  EEG  RESPONSE  SCORES 
OF TWO SUBJECTS TO SUBSONIC JET FLYOVERS 

4 .   S e n s i t i v i t y   t o  Booms Versus   Subsonic  Je t  F lyove r s  

It a p p e a r s   t h a t   s o n i c  booms w i t h   o u t d o o r   i n t e n s i t i e s   o f   1 . 6   a n d  

2 . 1   p s f   h a v e   a w a k e n i n g   e f f e c t s ,   r e g a r d l e s s   o f   s l e e p   s t a g e ,   a p p r o x i m a t e l y  

e q u i v a l e n t   t o   t h e   a w a k e n i n g   e f f e c t s   o f  KC-135 B f l y o v e r s   w i t h   o u t d o o r  

i n t e n s i t i e s   o f   9 3  PNdB and103 PNdB, a s  showp i n   T a b l e  XV. Whereas  high 

i n t e n s i t y  booms e l i c i t e d  fewer 0 r e s p o n s e s   t h a n   d i d   f l y o v e r s   o f  93 PNdB, 

t h e s e  booms r e s u l t e d   i n  more  (about 15 p e r c e n t )  0 r e sponses   t han   d id  

f l y o v e r s   o f 1 0 3  PNdB. F u r t h e r ,   h i g h   i n t e n s i t y  booms c o n s i s t e n t l y   r e s u l t e d  

i n  more EEG c h a n g e s   e x c l u d i n g   s h i f t s   i n   s l e e p   s t a g e   ( s c o r e  5 ) ,  but   about  

1 4   p e r c e n t   f e w e r   s l e e p   s t a g e   s h i f t s   a n d   a b o u t   2 7   p e r c e n t   f e w e r  awake re- 

s p o n s e s   ( s c o r e   7 ) .  

D. D i scuss ion  

It h a s   b e e n   d e m o n s t r a t e d   t h a t   a d a p t a t i o n  t o  low (and ,   poss ib ly ,  

h i g h )   i n t e n s i t y  booms o c c u r s   d u r i n g   s t a g e  2 s l e e p .  On t h e   o t h e r   h a n d ,  
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the   da t a   ( r emember ing   t ha t   on ly   two   sub jec t s   had   been   s tud ied )   i nd ica t e  

t h a t   a d a p t a t i o n   d u r i n g   s t a g e  REM s l e e p   d o e s   n o t   o c c u r .   W i t h   r e s p e c t  t o  

s t a g e  R E M  s l e e p   o u r   f i n d i n g s   c o n f i r m   t h o s e  of Rech t scha f fen ,  e t  a 1  

(Ref.  7) who r e p o r t   t h a t   t h e  R E M  s t a g e   a w a k e n i n g   t h e s h o l d   d e c r e a s e s   a s  

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

t o  booms i n  REM s l e e p  i s  u n l i k e l y   b e c a u s e   t h e   s l e e p e r  becomes  more s e n s i -  

t i v e   t o   e x t e r n a l   s t i m u l i   t h e   l o n g e r   h e   s l e e p s .   T h u s ,  a boom of g iven  

i n t e n s i t y   s o u n d s  much l o u d e r   a f t e r   t h r e e  or more  hours  of  accumulated 

s l e e p   t h a n  i t  d o e s   w i t h   f e w e r   h o u r s   o f   s l e e p .  One m i g h t   a n t i c i p a t e ,  

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

might  be  shown i n   t h e   e a r l y   h o u r s   o f  a g i v e n   n i g h t  may b e   c a n c e l l e d   o u t  

by t h e   i n c r e a s e d   s e n s i t i v i t y  t o  n o i s e   i n   t h e   l a t e   h o u r s  of t h a t   n i g h t .  

The   d i f f e rences   no ted   be tween   sub jec t s  A and B w i t h   r e s p e c t  t o  

t h e i r  score f r e q u e n c i e s   d u r i n g   s t a g e  3 and 4 s t i m u l a t i o n   a r e   c o n s i s t e n t  

w i t h   t h o s e   o f   o t h e r   r e s e a r c h e r s  who have   found ,   fo r   example ,   t ha t   t he  

i n t e n s i t y   o f  a 2000 Hz t o n e   r e q u i r e d  t o  awaken d i f f e r e n t   s u b j e c t s  may 

va ry  15 t o  100 dB above   background   no i se   l eve l s .   I f   adap ta t ion   (dec reased  
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s e n s i t i v i t y )   b e t w e e n   i n i t i a l   a n d   s u b s e q u e n t   n i g h t s  of s t i m u l a t i o n  were 

t o  be   found,  it would seem most l i k e l y  t o  a p p e a r   i n   s t a g e s  3 and 4 s i n c e  

Rech t scha f fen ,  et a 1   ( R e f .  7 )  f o u n d   n o   i n c r e a s e   i n   s e n s i t i v i t y  t o  awaken- 

i n g   w i t h i n  a s i n g l e   n i g h t ’ s   e x p o s u r e  when the i r  s u b j e c t s  were i n   s t a g e s  

3 and 4 ( c a l l e d   D e l t a   s t a g e ,   i n   t h e i r   t e r m i n o l o g y ) .  We found  no  such 

a d a p t a t i o n   d u r i n g   s u c c e s s i v e   n i g h t s   o f   e x p o s u r e   i n   a n y   o f  these tests 

e x c e p t   f o r  low i n t e n s i t y  booms d u r i n g   s t a g e  2 .  

The  small   amount   of   data   obtained t o  d a t e   i n  t h e  p r e s e n t   s t u d y   i n -  

d i c a t e   t h a t   s o n i c  booms of  up t o  2 .1   p s f   (measu red   ou tdoor s )  may have 

approx ima te ly   t he  same a w a k e n i n g   e f f e c t   a s  t he  f l y o v e r   n o i s e s   o f   s u b s o n i c  

j e t  a i r c r a f t   o f   a b o u t  103 PNdB o r  less (measured   ou tdoors ) .  The tests 

were not   cont inued  long  enough t o  m e a s u r e   a n y   p o s s i b l e   a d a p t a t i o n   t o  t h e  

s u b s o n i c   a i r c r a f t   n o i s e .  
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IV STARTLE EXPERIMENT 

A.  O b j e c t i v e s  

The o b j e c t i v e s  of t h i s   s t u d y  were t o  measure:  

1. T h e   p h y s i o l o g i c a l   s t a r t l e   r e s p o n s e  t o  i n d o o r   s o n i c  booms. 

2 .  The e f f e c t s   o f   s t a r t l e   o n   t h e   p e r f o r m a n c e   o f  a m o t o r   t a s k .  

3. The r a t e   a t  w h i c h   s u b j e c t s   a d a p t  t o  i n d o o r   s o n i c  booms a s  
r e f l e c t e d  by s t a r t l e   r e sponse   and   pe r fo rmance   measu res .  

B.  Method 

1. S u b j e c t s  

Twenty c o l l e g e   s t u d e n t s ,   1 0   m a l e s   a n d  10 females ,   wi th   normal   hear -  

i n g  were d i v i d e d   i n t o   f o u r   e x p e r i m e n t a l   g r o u p s   a n d   o n e   c o n t r o l   g r o u p .  

Males   and  females  were e v e n l y   d i v i d e d  among t h e   f i v e   g r o u p s .  

2 .  S t i m u l i  

Son ic  booms of   about   1 .2   ps f   (ou tdoors )   wi th   100  m s  du ra t ions   and  

10 m s  rise times were g e n e r a t e d   i n   t h e   s i m u l a t o r   f o r   t h i s   e x p e r i m e n t .  

3. I n s t r u m e n t   a t   i o n  

The  motor  performance t e s t  (shown i n   F i g .   1 6 )  was a s t y l u s - t r a c k i n g  

b o a r d .   T h e   s t y l u s - t r a c k i n g   d e v i c e   c o n s i s t e d  of a square,   diamond,  and 

b u l l s e y e   l a i d   o u t   o n  a b o a r d   a s   p r i n t e d   c i r c u i t s .  The squa re   and   d i a -  

mond were composed  of s i x   p a r a l l e l   t r a c k s ,   1 / 3 2   i n c h   i n   w i d t h ,   s e p a r a t e d  

by a s p a c e ,   1 / 1 6   i n c h   i n   w i d t h .  The d i m e n s i o n s   a p p l i e d   t o   t h e  c i rc le ,  

b u t  i t  c o n t a i n e d   f i v e   t r a c k s   a b o u t   a n   " i n a c t i v e "   c e n t e r .   E a c h   t r a c k   h a d  

a d i f f e r e n t   v o l t a g e   i m p r e s s e d   u p o n  it s u c h   t h a t  when t h e   c i r c u i t  was 

c l o s e d   t h r o u g h   t h e   s t y l u s ,   e a c h   t r a c k   h a d  a u n i q u e   l e v e l   ( p o s i t i o n )   o n  

t h e   V i s i c o r d e r   t r a c i n g .  Upon i n i t i a l   t e s t i n g  it was f o u n d   t h a t   u s e   o f  

t h e   V i s i c o r d e r   t r a c e   t o   m e a s u r e  time was i n a c c u r a t e .   T h e r e f o r e ,   c o u n t e r s  

were u s e d .   D u r i n g   t h i s  test  o n l y   t h r e e   t r a c k s   o f   t h e   s q u a r e  were a c t i v e .  

I f   t h e   s t y l u s   c o n t a c t e d   a n y   o n e   o f   t h e   t r a c k s ,  a coun te r   coun ted   ( i n  



o n e - t e n t h - s e c o n d   i n t e r v a l s )  the  d u r a t i o n   o f  t h e  c o n t a c t   a n d   i n d i c a t e d  

the t r a c k   a c t i v a t e d .   F o r  t h i s  s t u d y  t h e  s u b j e c t s  were t o l d   t o   t r a c e  on 

t h e  t h i r d  t r a c k   f r o m  t h e  i n s i d e  of the ou te rmos t   g roup   o f   t r acks  ( the 

s q u a r e   o n   F i g .   1 6 ) .   A n o t h e r   c o u n t e r   r e c o r d e d  t h e  t o t a l  time r e q u i r e d   b y  

the s u b j e c t   t o  make o n e   c i r c u i t   a r o u n d  the  board .  A t  the complet ion  of  

a c i r c u i t  the  s t y l u s   c o n t a c t e d  a b r a s s   s t r i p  which i n a c t i v a t e d  the  t r a c k  

f o r   t e n   s e c o n d s ,   a n d   e x t i n g u i s h e d  a l i g h t   u s e d   t o   i n d i c a t e  when a c t i v e  

and t h e  s u b j e c t  was t o   b e g i n   a n o t h e r   c i r c u i t .  

Cues f o r   b e i n g   o n  the c o r r e c t   t r a c k  were b o t h   v i s u a l   a n d   a u d i t o r y .  

When t h e  s u b j e c t  was  on the c o r r e c t   t r a c k ,   f o u r   b r i g h t  l i g h t s  ( s e e n   i n  

F i g .   1 6   a s   b r i g h t   s p o t s   i n  t h e  c o r n e r s   o f  t h e  boa rd )  were e x t i n g u i s h e d .  

When he  was o f f  the c o r r e c t   t r a c k ,  a n o i s y   r e l a y   t u r n e d  t h e  l i g h t s   o n .  

The  two i n c o r r e c t   t r a c k s ,  2 and 4 ,  were on e i ther  s i d e   o f  t h e  c o r r e c t  

one.  

FIG. 16 MOTOR PERFORMANCE  TEST  BOARD 
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In  a d d i t i o n  t o  the   pe r fo rmance   measu res   t he   e l ec t romyograph ic  re- 

sponse  (EMG) of t h e t r a p e z i u s   m u s c l e   o n   t h e   s h o u l d e r   o p p o s i t e   t h e  arm 

b e i n g   u s e d   i n   t h e   t r a c k i n g   t a s k   w a s   r e c o r d e d   o n  a Honeywell   Vis icorder .  

The EMG was r e c o r d e d   a t   t h e   c o n t r a l a t e r a l   t r a p e z i u s   t o   m i n i m i z e  move- 

ment t l c r o s s t a l k t '   f o u n d   i n  homologous  muscles i n   t h e  arm b e i n g   u s e d   i n  

t h e   t a s k .   R a t h e r   t h a n   a t t e m p t i n g  t o  a n a l y z e   t h e  raw EMG, a c i r c u i t   w h i c h  

i n t e g r a t e d   t h e  EMG s i g n a l   o v e r  a one -ha l f - second   i n t e rva l  was  developed. 

I ts  o u t p u t  was a p u l s e ,   r e c o r d e d   o n   t h e   V i s i c o r d e r ,   w i t h   a m p l i t u d e   p r o -  

p o r t i o n a l  t o  t h e   e n e r g y   g e n e r a t e d   b y   t h e   m u s c l e   d u r i n g   t h e   i n t e r v a l .  

4 .  Procedure  

The  experiment   included  f ive  groups.   Each  experimental   group  had 

fou r   s e s s ions   (one   day   pe r   week)   o f   exposure   t o   n ine   s imula t ed   son ic  

booms.  Each s e s s i o n  was  approximately 45 minutes   long ,   and   cons is ted   o f  

n ine   pe r iods   o f   t h ree   minu te s   each   du r ing   wh ich  a boom would occur   r an -  

domly a t  30, 60, o r  90 s e c o n d s   a f t e r   t h e   b e g i n n i n g   o f   t h e   p e r i o d .  Two- 

minute  rest p e r i o d s  were included  between boom p e r i o d s .  

Group 1 t r a c k e d ,   a s  w i l l  be   descr ibed   be low,   and  was boomed through-  

o u t   t h e   f o u r   s e s s i o n s .  Group 2 was boomed t h r o u g h   s e s s i o n  1 and  beg.an 

t r a c k i n g   w i t h   c o n t i n u e d   b o o m i n g   d u r i n g   s e s s i o n  2 .  Group 3 was boomed 

f o r  t w o   s e s s i o n s   b e f o r e   b e g i n n i n g   t h e   t r a c k i n g   t a s k   i n   s e s s i o n  3. Group 

4 b e g a n   t r a c k i n g   d u r i n g   s e s s i o n  4 a f t e r   b e i n g  boomed f o r   t h e   p r e c e d i n g  

t h r e e   s e s s i o n s .  The C o n t r o l  Group t r a c k e d   d u r i n g   f o u r   s e s s i o n s   b u t  was 

never  boomed.  The d e s i g n  i s  i l l u s t r a t e d   i n   F i g .   1 7 .  

Each   sub jec t  was i n s t r u c t e d   a t   t h e   b e g i h n i n g   o f   t h e   f i r s t   s e s s i o n  

du r ing   wh ich   he   wou ld   t r ack ( ses s ion  1 f o r  Group 1 a n d   C o n t r o l ,   s e s s i o n  2 

f o r  Group 2 ,  e t c . ) .  S e v e r a l   t r i a l   t r a c k i n g   c i r c u i t s   ( o n c e   a r o u n d   t h e  

board- -see   F ig .  17) were d e m o n s t r a t e d ,   a n d   t h e   s u b j e c t  t r i ed  t h e   t a s k  

h i m s e l f .   A f t e r   c o r r e c t i o n  by t h e   e x p e r i m e n t e r ,   t h e   s u b j e c t  was t o l d   t o  

p r a c t i c e   u n t i l   h e  was a b l e  t o  complete  a s i n g l e   t r a c k i n g   c i r c u i t   w i t h i n  

30 seconds  or less, w i t h  a minimum of   concern  for t h e  number  of e r r o r s .  

A f t e r   a t t a i n i n g   t h i s   s p e e d ,   t h e   s u b j e c t  was n o t   g i v e n   a n y   f u r t h e r   i n -  

s t r u c t i o n s .  
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FIG. 17 EXPERIMENTAL DESIGN FOR STUDY OF  “STARTLE” 
TO SIMULATED SONIC BOOMS 

C .  R e s u l t s  

1. Muscular   Tension 

Assuming a s t a r t l e   r e s p o n s e   ( a s   i n d i c a t e d  by inc reased   muscu la r  

t e n s i o n )   t o  booms a n d   a d a p t a t i o n   o f   t h a t   r e s p o n s e ,   t h e   e x p e r i m e n t  was 

d e s i g n e d   t o  test t h e   h y p o t h e s i s   t h a t   G r o u p s  2 ,  3, and 4 ,  having  more 

chance t o  a d a p t   t o  booms b e f o r e   b e g i n n i n g   t h e   t r a c k i n g   t a s k ,   s h o u l d   p e r -  

f o r m   b e t t e r   t h a n  Group 1 on t h e   i n i t i a l   t r i a l s  when  booms occur .   Sec-  

o n d a r i l y ,   i f   a d a p t a t i o n   o f   s t a r t l e   o c c u r s ,   t h e   e x p e r i m e n t a l   g r o u p s   s h o u l d  

p e r f o r m   a s  well a s   t h e   C o n t r o l  G r o u p   w i t h   r e s p e c t   t o   f i n a l   p e r f o r m a n c e  

levels .  

That a m u s c u l a r   s t a r t l e   r e s p o n s e   d i d   o c c u r   t o   t h e  boom and t h a t  i t  

d i d   a d a p t   t o  a l a r g e   e x t e n t  i s  i l l u s t r a t e d   i n   F i g s .  18 and   19 .   F igu re  18 

shows t h a t   t h e   g r o u p s  boomed h a d   s i g n i f i c a n t  EMG r e s p o n s e s   t o   b e i n g  

boomed ( t h e   d i f f e r e n c e   i n   m u s c u l a r   t e n s i o n  or a c t i v i t y   i n t e g r a t e d   o v e r  

one -ha l f   s econd   be fo re   t he  boom and  one-ha l f   second  a f te r   the   boom) ,   bu t  

t h a t   o v e r   f o u r   s e s s i o n s   t h e   e x p e r i m e n t a l   g r o u p s ’   s t a r t l e   r e s p o n s e s  were 

r e d u c e d   a b o u t   h a l f .   D e s p i t e   t h e   r e d u c t i o n ,   a f t e r   f o u r   s e s s i o n s   a n d  36 

booms t h e i r   r e s p o n s e  was s t i l l  h i g h e r   t h a n ,   b u t   a p p r o a c h i n g ,   t h a t   o f   t h e  
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Cont ro l   Group .   Fo r   t he   pu rpose  of compar ison ,   por t ions  of t h e   C o n t r o l  

Group ' s  EMG r e c o r d  were r a n d o m l y   d e s i g n a t e d   a s  "Pre-boom" or  "Boom, 'I 

(scd F i g .  18) a n d   f o r t u i t o u s   m e a s u r e s  of " s t a r t l e , "   i f   a n y ,  were ob ta ined  

therefrom.  Group 4 ' s  EMG d a t a   a r e   n o t   i n c l u d e d   i n   t h e s e   f i g u r e s   b e c a u s e  

of a ma l func t ion  of t h e   r e c o r d e r  when t h e y  were b e i n g   t e s t e d .  

N 9 /  doto point 
BOOM X 1.2 psf, 100 msrc DURATION  AND 
10 msrc  RISE  TIME 

MYOGRAPHIC  RESPONSE FROM TRAPEZIUS 
CONTRALATERAL TO TRACKING ARM 

# -1 
- 1  ' 1 1 I I 
0 1 2 3 4 5 

SES SlON 
r a - 6 0 6 4 - e  

FIG. 18 MEAN  NORMALIZED  MUSCULAR  STARTLE RESPONSE 
TO SIMULATED SONIC BOOMS AS A  FUNCTION 
OF TEST SESSION 

B o t h   i n t e r -   a n d   i n t r a - s e s s i o n   a d a p t a t i o n   o f   t h e  EMG s t a r t l e  re- 

s p o n s e   a r e   i l l u s t r a t e d   i n   F i g .   1 9 .   D u r i n g   s e s s i o n  1 the   magn i tude  of 

s t a r t l e  was v a r i a b l e ;   h o w e v e r ,   d u r i n g   s e s s i o n s  2 and 3 i t  showed a con- 

s i s t e n t  downward t r e n d .   I n   s e s s i o n  4 t h e r e   a p p e a r e d   t o   b e  a s l i g h t  

downward t r e n d ,   b u t   n o t e   t h a t  i t s  i n i t i a l   l e v e l  was a t   a b o u t   t h e   f i n a l  

l e v e l   ( a f t e r   n i n e  booms)  of t h e   p r e c e d i n g   t w o   s e s s i o n s .   T h i s   f i n d i n g  
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s u g g e s t s   t h a t   t h e   r a t e ,   i f   n o t   l e v e l ,   o f   a d a p t a t i o n   h a d   r e a c h e d   a n  

asymptote .  

2.  Tracking   Per formance  

The f i r s t   h y p o t h e s i s ,   t h a t   t h e   t r a c k i n g   p e r f o r m a n c e   o f   G r o u p s   2 ,  3, 

and 4 shou ld   be  less a f f e c t e d  by t h e  boom t h a n   t h a t   o f  Group 1, was n o t  

s u b s t a n t i a t e d   s t a t i s t i c a l l y .   W i t h   r e s p e c t  t o  the   per formance   measure ,  

t h e   e x p e r i m e n t a l   g r o u p s  were found t o  b e   p e r f o r m i n g   a t   s t a t i s t i c a l l y  

e q u i v a l e n t  l eve ls  o n   t h o s e   c i r c u i t s   o f   t h e   f i r s t   t r a c k i n g   s e s s i o n   b e f o r e  

any booms occur red .  A summary o f   t h e   a n a l y s i s   o f   v a r i a n c e   o f   t h e   t o t a l  

c i r c u i t  time ( a v e r a g e   o f   n i n e   c i r c u i t s   p e r   g r o u p )  i s  p r e s e n t e d   i n   T a b l e  

XVI. T h a t   t h e   " t r a c k s "   a r e  a s i g n i f i c a n t   s o u r c e   o f   v a r i a n c e  was t o  be 

e x p e c t e d   s i n c e   t h e   s u b j e c t s  were t o l d   w h i c h   t r a c k  was correct.  I n   o t h e r  

w o r d s ,   t h e   f i n d i n g   i n d i c a t e s   s i m p l y   t h a t   s u b j e c t s  were o n   t h e   d e s i g n a t e d  

t r a c k   f o r   l o n g e r   p e r i o d s   o f  time t h a n   t h e y  were on t h e   a d j a c e n t   i n c o r -  

rect  t r a c k s .  

A summary o f   t h e   a n a l y s i s   o f   v a r i a n c e   o f   t h e  mean t i m e  o n   t h e   c o r -  

rect  t r a c k   d u r i n g   t h e   s e s s i o n  when t r a c k i n g  was f i r s t  tested i s  p resen ted  

i n   T a b l e  X V I I .  I n s p e c t i o n   o f   t h e   d a t a   r e v e a l e d   c l e a r l y   t h a t   a n y   d i f f e r -  

ences   between  groups were obscured   by   t he   w ide   d i f f e rences   be tween   i n -  

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

l a r g e   e r r o r  term i n   T a b l e  XVII. 

Tab le  XVI 

SUMMARY OF "HE ANALYSIS OF VARIANCE 
AMONG GROUPS'  TOTAL  TRACKING  TIME  FOR FIRST TRACKING SESSION 

Source  

Groups 

Tracks  

E r r o r  

sum of 
Squares  

1432.17 

261451.63 

5410.96 

268294.76 

Degrees 
of 

Freedom F R a t i o  Mean Square 

3 

901.82 6 

"- 130725.81 2 

N.S. 477.39 

11 
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Tab le  XVII 

SUMMARY OF THE  ANALYSIS OF VARIANCE 
OF MEAN TIME ON THE  CORRECT  TRACK WHEN TRACKING WAS INITIATED 

Degrees 

Source Freedom Squares  
Sum of  of 

Boom v s .  
No Boom 

Groups 

Boom x 
Group 

E r r   o r  

TOTAL 

102.71 

4148.35 

5802.45 

35296.57 

45350.08 

~ 3 

3 

22 

29 

Mean Square 

102.71 

1382.78 

1934.15 

1604.39 

1563.80 

F R a t i o  

N.S. 

N.S. 

N.S. 

N.S. 

Tha t   t he  boom produced some sugges t ive   bu t   unexpec ted   changes   i n  

performance i s  i l l u s t r a t e d   i n   F i g .   2 0 .   O n l y   i n   G r o u p  1 ( n o   a d a p t a t i o n  

s e s s i o n s )   d i d   t h e  boom r e s u l t   i n  a d e t e r i o r a t i o n ,   a b o u t  two   s econds ,   i n  

p e r f o r m a n c e   d u r i n g   t h e   f i r s t   s e s s i o n   i n   w h i c h   t r a c k i n g  was r e q u i r e d .   I n  

t h e   o t h e r   g r o u p s   ( i n   w h i c h   o n e ,   t w o ,   o r   t h r e e   s e s s i o n s   o f   a d a p t a t i o n  t o  
boom was p e r m i t t e d ) ,   t h e  booms appeared   to   improve   per formance  by about  

one or t w o   s e c o n d s .   T h i s   r e s u l t   w a s   o b t a i n e d   d u r i n g   t h e   r e m a i n d e r   o f  

t h e   t r a c k i n g   s e s s i o n s .   A g a i n ,   h o w e v e r ,   t h e   d i f f e r e n c e s   d o   n o t   h a v e   s t a -  

t i s t i c a l   s i g n i f i c a n c e   a s  shown i n   T a b l e  XVIII. I n   t h i s   c a s e ,   t h e   a n a l y -  

s is  inc luded   t he   c i r cu i t s   immedia t e ly   be fo re ,   du r ing   and   immedia t e ly  

a f t e r   t h e  boom, and t h e  time t h e   s u b j e c t  was  on t h e   c o r r e c t   v e r s u s   i n c o r -  

rect  t r a c k .  T h e   r e a s o n   f o r   t h e   s i g n i f i c a n t   t r a c k   e f f e c t  was noted   pre-  

v i o u s l y ;  i t  i n d i c a t e s  more time s p e n t   o n   t h e  correct t r a c k   t h a n   e i t h e r  

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

t h e   t r a c k   e f f e c t .  However,  note i n   F i g .   2 0   t h a t   t h e   c h a n g e s   i n   p e r f o r m -  

a n c e   a r e   r e l a t i v e   t o   b o t h   t h e   b e f o r e   a n d   a f t e r  boom c i r c u i t s .   T h i s   s u g -  

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

c a l   s i g n i f i c a n c e .  I t  appea r s   t ha t   con t inuous   booming   and   t r ack ing   caused  

Group 1 t o  perform more d e l i b e r a t e l y   t h a n   t h e   o t h e r   g r o u p s ,   a s   e x p l a i n e d  

below. 
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Table  XVIII  

SUMMARY OF THE  ANALYSIS OF VARIANCE 
OF  NO-BOOM  TRACKING CIRCUIT TIME V S .  BOOM  TRACKING CIRCUIT TIMI3 

Source  

Groups (G) 

Tracks  (TI 

Befo re ,  
During,  or 
A f t e r  Boom 

Groups x 
Tracks  

Groups x 
Boom 

Track x 
Boom 

G x T x  
Boom 

TOTAL 

SUm 
of 

Squa res  

477 * 39 

87150.59  

53 .62  

1803.65  

276 .79  

2227.92  

7 5 3 . 7 1  

92743.62 

Degrees  
of 

Freedom 

3 

2 

2 

6 

6 

4 

12 

35 
. .  " .  

Mean Square  

159.13  

43575.27 

2 6 . 8 1  

3 0 0 . 6 1  

4 6 . 1 3  

556 .86  

6 2 . 8 0  

. .  

F R a t i o  

-" 

144 .96  

N.S. 

1.78 p ~ : O l  

N.S. 

1.86 p <  .01 

3 .  A d a p t a t i o n   E f f e c t s   o n   L e a r n i n g  
. . -lP- - 

The f i n a l   h y p o t h e s i s   t o   b e   t e s t e d  was t h a t   w i t h  more a d a p t a t i o n  t o  

booms, t h e   e f f e c t   o f  booms on performance  would  be less. 

a .  Time on  Track 

The f i n d i n g s   i l l u s t r a t e d   i n   F i g .  21 s u g g e s t   t h a t   i n t r o d u c t i o n  

of t h e   s i m u l a t e d   s o n i c  booms w i t h   t h e   t r a c k i n g   t a s k   h a d  a d e f i n i t e   e f -  

f e c t  upon t h e   d e v e l o p m e n t   o f   t r a c k i n g   s k i l l .   S u b j e c t s   i n   G r o u p  1, who 

were boomed and   t r acked   du r ing   t he  four s e s s i o n s ,   n e v e r  showed t h e   l e a r n -  

i n g   f o u n d   i n   t h e   C o n t r o l   G r o u p   o r  the o t h e r   t h r e e   e x p e r i m e n t a l   g r o u p s  

who were p e r m i t t e d   v a r i a b l e   a m o u n t s   o f   a d a p t a t i o n  t o  booms. I t  shou ld  

b e   n o t e d   t h a t   t h e   d a t a   p r e s e n t e d   i n   F i g .  2 1  i n d i c a t e   t h e  time r e q u i r e d  

t o   c o m p l e t e   o n e   c i r c u i t   r e g a r d l e s s   o f  errors a n d   a r e   a v e r a g e s   o f   t r i a l s  

i n  which  no booms o c c u r r e d .   T h u s ,   t h e y   d o   n o t   r e f l e c t   c h a n g e s   i n   p e r -  

formance  due t o  booms conc iden ta l   w i th   t he   pe r fo rmance   measu re .  A s  no ted  
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p r e v i o u s l y ,  t h e  f i v e   g r o u p s  showed s t a t i s t i c a l l y   e q u i v a l e n t   p e r f o r m a n c e  

i n i t i a l l y .   B u t ,  w i t h  adap ta t ion   o f   one   s e s s ion ,   Group  2 a t t a i n e d   p e r -  

f o r m a n c e   e q u i v a l e n t   t o   t h a t   o f  t h e  Control  Group  (no booms). It appea r s  

t h a t  Group 3 might   soon   have   a t ta ined  a s i m i l a r   p e r f o r m a n c e   l e v e l .   I n  

c o n t r a s t ,  Group 1 showed no  improvement ,   and  possibly a s l i g h t   d e t e r i o r -  

a t i o n   i n   p e r f o r m a n c e .  A s i m i l a r   p l o t ,  which inc luded  c i rcui ts  d u r i n g  

which booms occur red ,  was e s s e n t i a l l y  t h e  same a s   F i g .  21  w i t h  b u t  a one- 

o r  two-second  displacement  of some of t h e   p o i n t s .  
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FIG. 21 NON-BOOM CIRCUIT  TRACKING  TIME AS A FUNCTION 
OF TEST SESSION 



b.  Accuracy of Track ing  

W i t h   r e s p e c t  t o  accu racy  of t racking,   however ,   Group 1 improved 

w h i l e   t h e   o t h e r   g r o u p s ,   i n c l u d i n g   t h e   C o n t r o l   G r o u p ,   d e t e r i o r a t e d .   T h i s  

e f f e c t   h e l d  for c o m p a r i s o n s   o f   c i r c u i t s   w h i c h   i n c l u d e d  booms and c i r c u i t s  

w h i c h   d i d   n o t .   F i g u r e s  22 and 23 i l l u s t r a t e   t h e s e   r e s u l t s ;   F i g u r e  23 

shows t h e   a c c u r a c y   d u r i n g  no-boom c i r c u i t s   o n l y .  

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

t o g e t h e r   w i t h   t r a c k i n g   h a d   a n   e f f e c t ,   a l t h o u g h   s t a t i s t i c a l l y   i n s i g n i f i -  

c a n t ,   o n   t r a c k i n g   s p e e d .   I n   t h e   c a s e  of Group 1 ,  i t  was e v i d e n t   t h a t   t h e  

boom, i n  some way ,   p reven ted   t h i s   g roup   f rom  dec reas ing  i t s  c i r c u i t   t r a c k -  

i n g  time b u t   f a c i l i t a t e d ,   p e r h a p s   b e c a u s e   o f   t h e  slower speed,   mainte-  

n a n c e ,   i f   n o t   i m p r o v e m e n t ,   i n   t r a c k i n g   a c c u r a c y   i n   t h i s   r e l a t i v e l y  un- 

s t r u c t u r e d   e x p e r i m e n t a l   s e t t i n g   w h e r e   n o   a t t e m p t  was  made t o  impose  speed 

c r i t e r i a   o n c e   t h e   e x p e r i m e n t  was  begun.   Study  of   the EMG r e c o r d s   d i d   n o t  

r evea l   any   cons i s t en t   changes   wh ich   wou ld   p rov ide   an   exp lana t ion  for t h e s e  

f i n d i n g s  . 
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FIG. 22 ACCURACY OF  TRACKING  DURING BOOM AND NON-BOOM CIRCUITS 
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v SUMMARY AND CONCLUSIONS* 

A. S i m u l a t o r  

The s o n i c  boom s i m u l a t o r   p r o d u c e d   i n  a l a b o r a t o r y   ( h a v i n g   t h e   i n -  

t e r n a l   a p p e a r a n c e  of a t y p i c a l   r e s i d e n t i a l  bedroom) a l i f e - l i k e   s i m u l a -  

t i o n  of t h e   a c o u s t i c   e n e r g i e s   f o u n d   i n d o o r s   i n  a r e s i d e n t i a l   b u i l d i n g  

exposed t o  a n   a c t u a l   s o n i c  boom. A c o n s i s t e n t   d i f f e r e n c e   o f   a b o u t  12 dB 

a t   f r e q u e n c i e s   a b o v e  250 H z  was  found  due t o  a somewhat slower rise time 

of t h e   s i m u l a t e d   s o n i c  boom in   compar i son  t o  booms produced  by  actual  

a i r c r a f t .  However, t h e s e   f r e q u e n c i e s   c o n t r i b u t e d   r e l a t i v e l y  l i t t l e  t o  

t h e   e n e r g y   s p e c t r a   o f   e i t h e r   s i m u l a t e d  or  a c t u a l  booms.  The s i m u l a t o r  

c a n   b e   m o d i f i e d   t o   p r o v i d e  booms o f   s h o r t e r  rise times t h a n   t h o s e   u s e d  

i n   t h e   p r e s e n t   e x p e r i m e n t s .  

B .  Sleep  Experiment  
" 

1. The e f f e c t s   o f   s o n i c  booms on t h e   s l e e p i n g   i n d i v i d u a l  i s ,  t o  

some e x t e n t ,   d e p e n d e n t   o n   t h e   i n d i v i d u a l .  

2 .  From t e s t s  of two c o l l e g e   s t u d e n t s  i t  i s  c o n c l u d e d   t h a t   s o n i c  

booms w i t h   i n t e n s i t i e s   o f   1 . 6   a n d  2 . 1  p s f   ( m e a s u r e d   o u t d o o r s )   r e s u l t   i n  

s i g n i f i c a n t l y  more awakening  f rom  s tage 2 s l eep   (wh ich  i s  t h e  most  prev- 

a l e n t   s l e e p   s t a g e   a n d   o c c u p i e s   a b o u t  50 p e r c e n t   o f   t h e   s l e e p   c y c l e )   t h a n  

d o  booms w i t h  lesser i n t e n s i t i e s  ( . 6  or  .8 p s f ) .  

3. A d a p t a t i o n   ( s l e e p   n i g h t s  1 and 2 compared w i t h   n i g h t s  9 and 10) 

t o  booms of   .6  o r  .8 p s f   d u r i n g   s t a g e  2 s l e e p   o c c u r s  and a p p e a r s  t o  re- 

s u l t  from a q u a n t a l   s h i f t   i n   s e n s i t i v i t y   r a t h e r   t h a n   s m a l l ,   p r o g r e s s i v e  

c h a n g e s   i n   s e n s i t i v i t y .   A d a p t a t i o n  t o  booms w i t h   i n t e n s i t i e s   o f   1 . 6   a n d  

2 . 1  psf   was   no t   found  dur ing   these  tes ts .  

* 
T h e s e   f i n d i n g s   a r e   b a s e d   o n  a s t u d y  of a s m a l l  homogenous  group of 
s u b j e c t s   a n d ,   c o n s e q u e n t l y ,   s h o u l d  be c o n s i d e r e d   t e n t a t i v e   a t   t h i s  
time . 
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4 .  The   awaken ing   e f f ec t s  were about  the same f o r   b o t h   t h e  low- 

a n d   h i g h - i n t e n s i t y  booms d u r i n g   t h e   s l e e p   s t a g e  REM. 

5. S u b j e c t  A of  Group 1 responded   abou t   t he  same a s   s u b j e c t  B 

when i n   e i t h e r   s t a g e  2 or s t a g e  REM, b u t   d i f f e r e n t l y   ( s u b j e c t  A was less 

r e s p o n s i v e   t o   t h e  booms thqn  was B) when i n   s t a g e  3 o r  4 ,  the  s o - c a l l e d  

" D e l t a "   s t a g e .   H o w e v e r ,   s t a t i s t i c a l l y   s i g n i f i c a n t   a d a p t a t i o n   t o  booms 

on t h e   p a r t   o f   e i t h e r   s u b j e c t  was not   found  for  these s t a g e s   d u r i n g  

these tests.  

6. Two s u b j e c t s  showed e q u a l  or g r e a t e r   a w a k e n i n g  t o  the  f l y o v e r  

n o i s e s   o f  a subson ic  j e t  a i r c r a f t   a t   i n t e n s i t i e s   o f 1 0 3   a n d  113 PNdB 

( m e a s u r e d   o u t d o o r s )   t h a n   d i d   t h e   s u b j e c t s   e x p o s e d  t o  s o n i c  booms a t   i n -  

t e n s i t i e s   o f   e v e n   2 . 1   p s f   ( m e a s u r e d   o u t d o o r s ) .   P o s s i b l e   a d a p t a t i o n   t o  

t h e   s u b s o n i c  j e t  a i r c r a f t   n o i s e   c o u l d   n o t   b e   m e a s u r e d   d u e   t o  t h e  sma l l  

number  of tes t  s e s s i o n s   i n v o l v e d .  

C .  S t a r t l e   E x p e r i m e n t  

1. S t a r t l e   t o   s o n i c  booms, a s   m e a s u r e d   b y   a n   i n c r e a s e   i n   s k e l e t a l  

muscu la r   t ens ion ,   occu r s .  An e l e c t r o m y o g r a p h i c   r e s p o n s e   t o   s i m u l a t e d  

booms p e r s i s t e d   f o r  36 s t i m u l a t i o n s .   A l t h o u g h   i n t e r -   a n d   i n t r a - s e s s i o n  

a d a p t a t i o n   t o  booms was  found, i t  d i d   n o t   r e d u c e  t o  C o n t r o l   G r o u p   l e v e l s  

i n  t h i s  e x p e r i m e n t a l   s i t u a t i o n  where t h e  s u b j e c t s   a n t i c i p a t e d  t h e  booms. 

2 .  Sonic  booms o c c u r r i n g   c o i n c i d e n t a l l y  w i t h  t h e  a c q u i s i t i o n  Of 

s k i l l  on a new m o t o r   t r a c k i n g   t a s k   a p p e a r   t o   h i n d e r  t h e  a t ta inment   o f  

s p e e d   b u t   f a c i l i t a t e  (or perhaps   pe rmi t )  t h e  a t t a inmen t   o f   accu racy .  

I n   c o n t r a s t ,   p r e - p r a c t i c e   e x p o s u r e   t o   s i m u l a t e d  booms does   no t   h inde r  

t h e  a t t a inmen t   o f   no rma l   t r ack ing   speed   bu t   does   h inde r  t he  a t t a i n m e n t  

of   accuracy .  

9 

54 



Appendix A 

DESCRIPTION  AND EXAMPLES OF THE STAGES OF SLEEP 

55 

". 





Appendix A 

DESCRIPTION AND EXAMPLES OF THE  STAGES OF SIZEP 

T h e   f o l l o w i n g   d e s c r i p t i o n   o f   t h e  EEG s l e e p   s t a g e s  is  e x e r p t e d  
* 

f rom  "Current   Research  on  Sleep  and Dreams"  (Ref. 15, pp. 11-13) w i t h  

t h e   p e r m i s s i o n   o f   t h e   a u t h o r ,  Mrs. Gay Gaer  Luce : 
+ 

I t  Drowsiness 

Usua l ly ,   abou t  11 p.m., t h e   a c c l i m a t e d   v o l u n t e e r  w i l l  be re- 
l a x e d .  H i s  body t e m p e r a t u r e  i s  d e c l i n i n g .  H i s  e y e s  a r e   c l o s e d ,  
and  he i s  no  longer  moving. On t h e   g r a p h   p a p e r   i n   t h e   c o n t r o l  
room t h e   j u m b l e   o f   r a p i d ,   i r r e g u l a r   b r a i n   w a v e s  i s  b e g i n n i n g   t o  
form a new p a t t e r n ,  a r egu la r   rhy thm known a s   t h e   a l p h a   r h y t h m .  
T h i s   p a t t e r n   o f  9-12 cycles  a second  ind ica tes   re laxed   awake-  
f u l n e s s .   S u b j e c t i v e l y ,  it is  a s e r e n e   a n d   p l e a s a n t   s t a t e ,   d e -  
vo id   o f   de l ibe ra t e   t hough t ,   i n to   wh ich   images  may f l o a t .  A 
moment o f   t e n s i o n   o r   a t t e m p t   t o   s o l v e  a mental   problem w i l l  d i s -  
r u p t  i t  (Kamiya,  1962). 

"With f u r t h e r   r e l a x a t i o n   t h e   a l p h a   w a v e s  grow sma l l e r ,   de -  
c r e a s i n g   i n   a m p l i t i d e .  A s  a lpha   rhy thm  d iminishes ,  a p e r s o n ' s  
time p e r c e p t i o n  seems t o   d e t e r i o r a t e ,   a n d  t w o   r a p i d   f l a s e s  Of 

l i g h t  may seem t o   b l e n d   i n t o   o n e   ( A n l i k e r ,   1 9 6 3 ) .  A s  h i s   a l -  
pha   rhy thm  d iminishes ,   the   young  vo lunteer   hovers  on t h e   b o r d e r s  
o f   d rows iness   and   s l eep ,   pe rhaps   s ee ing   images ,   ekpe r i enc ing  
d reaml ike   t hough t s   o r   f r agmen t s   (Fou lkes   and   Voge l ) .  

A n o t h e r   p a t t e r n   b e g i n s   t o   e m e r g e   o n   t h e  EEG p a p e r .   T h i s  new 
s c r i p t  i s  s m a l l e r ,   i n d i c a t i n g   l o w e r   v o l t a g e s .  It i s  uneven, de- 
synchronized,   and i t  c h a n g e s   s w i f t l y .  A t  t h i s   p o i n t   o n e  may ex- 
p e r i e n c e  a f l o a t i n g   s e n s a t i o n ,   d r i f i n t   w i t h  i d l e  images a s   t h e  
a lpha   rhy thm  g ives  way t o   t h e  low v o l t a g e ,   f a s t   i r r e g u l a r   r h y t h m  
o f   t h e   f i r s t   s t a g e   o f   s l e e p .  (Kamiya,  1961;  Foulkes  and  Vogel).  

* 
E x a m p l e s   o f   t h e s e   s l e e p   s t a g e s   a n d   t h e  EEG r e s p o n s e s ,   a s   o b t a i n e d   i n  
t h e   p r e s e n t   s t u d y ,  t o  s i m u l a t e d   s o n i c  booms o c c u r r i n g   d u r i n g   t h o s e  
s t a g e s  w i l l  be   found  in   F igs .   24 ,   25 ,   26 ,   and   27   fo l lowing   the   exerp t .  

+Refe rences   have   no t   been   de l e t ed   f rom  the  text  f o r   t h e   b e n e f i t  of t h o s e  
r e a d e r s   w i s h i n g   t o   c o n s u l t  Mrs. L u c e ' s   o r i g i n a l  monograph f o r   t h e   f u l l  
r e f e r e n c e s  . 
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T h e   v o l u n t e e r , i n   t h i s   p h a s e ,   c a n   b e   e a s i l y  awakened  by a n o i s e  or 
spoken  word, His body muscles a r e   r e l a x i n g .   R e s p i r a t i o n  i s  grow- 
i n g  more e v e n   a n d   h e a r t   r a t e  i s  becoming slower (Snyder,  1960). 
If awakened a t   t h i s   p o i n t  a p e r s o n  may a s s e r t   t h a t   h e  was  not  
r e a l l y   a s l e e p .   T h i s   p h a s e   o f   c o n s c i o u s n e s s  is l i k e  a por t   o f   en-  
t r y ,  a b o r d e r l a n d ,   a n d   l a s t s   o n l y  a few  minutes .   Soon  the  back-  
ground  rhythm of t h e  EEG grows slower. 

The s c r i p t  g r o w s   l a r g e r   a n d   t h e   p e n s   t r a c e   o u t   q u i c k   b u r s t s  
known as   sp ind le s ,   r ap id   c r e scendos   and   dec rescendos   o f   waves .  
The  eyes of t h e  young  vo lunteer  may a p p e a r   t o  be s l o w l y   r o l l i n g .  
H e  i s  q u i t e   s o u n d l y   a l s e e p ,   y e t  it i s  n o t   h a r d   t o  awaken him. By 
now t h e r e   h a s   b e e n  a f u n d a m e n t a l   c h a n g e   i n   h i s   b r a i n   f u n c t i o n .  
One a s p e c t   o f   t h i s   c h a n g e  is  sugges t ed  by a s t u d y   i n  .which  volun- 
teers s l e p t   w i t h   t h e i r   e y e s   h a l f   o p e n ;   i l l u m i n a t e d   o b j e c t s  were 
s u s p e n d e d   b e f o r e   t h e i r   e y e s .  On the   who le   t hey  were not  awakened 
b y   t h e   l i g h t ,   n o r   d i d   t h e y  remember s e e i n g   a n y t h i n g ,   b u t  when 
awakened  by a v o i c e  a f e w   s e c o n d s   l a t e r   t h e y   o f t e n   i n s i s t e d   t h e y  
had  been wide awake  and t h i n k i n g   t h o u g h t s   t h a t ,  a s  n a r r a t e d ,   h a d  
a vague   and   dreaml ike   qua l i ty   (Foulkes   and   Vogel ;   Rechtschaf fen  
and   Fou lkes ) .   I f   awakened   a t  t h i s  p o i n t  a p e r s o n   m i g h t   f e e l  he 
had   been   th inking  or i n d u l g i n g   i n   r e v e r i e .   L e f t   u n d i s t u r b e d ,  
however,  he w i l l  s o o n   d e s c e n d   i n t o   a n o t h e r   l e v e l   o f   s l e e p .  

The s p i n d l e   b u r s t s  and  somewhat i r r e g u l a r   b r a i n  wave rhythm be- 
g i n s   t o   b e   i n t e r s p e r s e d  w i t h  l a r g e  slow waves.   These  occur a t  
about   one  a s e c o n d ,   a n d   a r e   h i g h   i n   a m p l i t i d e .   T h e   e l e c t r i c a l  
i n p u t  may r u n   a s   h i g h   a s  300 m i c r o v o l t s   i n   s t a g e  3, a s  compared 
w i t h  t h e  60   microvol t s   o f   the   waking   a lpha   rhy thm.  Now it w i l l  
t a k e  a l o u d e r   n o i s e   t o  awaken t h e  s l e e p i n g   p e r s o n  or an ima l ,   pe r -  
haps a r e p e t i t i o n  of h i s  name. H i s  m u s c l e s   a r e   v e r y   r e l a x e d .  H e  
b rea thes   even ly ,   and  h i s  h e a r t   r a t e   c o n t i n u e s   t o   s l o w  down. H i s  
b lood   p re s su re  i s  f a l l i n g ,  and h i s  t e m p e r a t u r e   c o n t i n u e s   t o  de- 
c l i n e .   I n n o c u o u s   s e n s o r y   e v e n t s   a r e   m a k i n g   a l m o s t   n o   i m p r e s s i o n  
on t h e  awareness   of  t h e  s l e e p e r ,   a n d  were he among the  peop le  who 
d o   s l e e p   w i t h  t h e i r  eyes   ha l f   open ,  he would  not   be  seeing  any-  
thing  (Fuchs  and Wu, 1948) .  

T h i s   s t a g e   m i g h t  be c a l l e d  a m o s t   o b l i v i o u s   s l e e p .  The muscles  
a r e   v e r y   r e l a x e d ,   a n d  the  p e r s o n   r a r e l y  moves (Jacobson e t  a l . ,  
1964) .  I t  i s  h a r d   t o  awaken him w i t h  t h e  low n o i s e  or buzze r  
t h a t  would  have  aroused him e a r l i e r .  H i s  h e a r t   r a t e  and  temper- 
a t u r e   a r e  s t i l l  d e c l i n i n g ,   a n d  h i s  r e s p i r a t i o n  i s  slow  and  even. 
Waken t h e  v o l u n t e e r  now w i t h  a l oud   no i se  or by c a l l i n g  h i s  name 
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and   he  may come i n t o   f o c u s   s l o w l y ,   a n d  may f e e l   t h a t  he  was  not 
e x p e r i e n c i n g   a n y   m e n t a l   a c t i v i t y   ( R e c h t s c h a f f e n  et a l . ,   1 9 6 2 ,   1 9 6 3 ;  
Kales  e t  a l .  , 1963) .  The EEG p e n s   s c r a t c h   o u t  a c o n t i r l u o u s   t r a i n  
of  slow, h igh   ampl i tude   waves .   The   s leeper  i s  u t t e r l y  removed 
f r o m   t h e   w o r l d ,   a l t h o u g h   h i s   b r a i n  wave r e sponses   wou ld   i nd ica t e  
t h a t   e v e r y   s o u n d   a n d   t h e '   l i g h t e s t   t o u c h   a r e   r e c e i v e d   i n   h i s   b r a i n .  
I n d e e d ,   d u r i n g   t h i s   s y n c h r o n o u s ,  slow-wave s l e e p   t h e   b r a i n  shows 
a v e r y   l a r g e   r e s p o n s e  t o  o u t s i d e   s t i m u l i   s u c h   a s   s o u n d s ,   b u t   t h e  
b r a i n   s y s t e m s   t h a t  make t h i s   s t i m u l a t i o n   i n t o   c o n s c i o u s   s e n s a t i o n  
appea r  not t o  b e   w o r k i n g   i n   t h e i r   u s u a l  way (Al l i son ,   1965 ;  
Hernandez-Peon,  1963;  Rosner e t  a l .  , 1963;   Wi l l iams  e t  a l .  , 1962,  
1964;  Weitzman  and  Kremen,  1965).  This may a c c o u n t   f o r   t h e  eerie 
a p p a r i t i o n ,   t h e   s o m n a m b u l i s t ,  who w i l l  r ise from bed i n   t h i s   s t a g e  
of s l e e p ,   n e g o t i a t e  a room f u l l  of f u r n i t u r e ,   l o o k   s t r a i g h t   a t  
peop le   w i th   eyes   open ,   ye t   appea r   no t  t o  perceive  them,  and re- 
t u r n  t o  bed , u s u a l l y   r e c a l l i n g   n o t h i n g   o f   t h e   i n t e r l u d e  when 
awakened  (Jacobson e t  a l . ,   1 9 6 5 ) .   S t a g e  4 a p p e a r s  t o  be  one of 
t h e  times when c h i l d r e n  commonly wet t h e i r   b e d s ,  a time when a 
pe r son  i s ,  by some c r i t e r i a ,  mos t   deep ly   a s l eep   (P ie rce  e t  a l . ,  
1961,   1963;   Scot t ,   1964) .   Al though  people   can  be t r a i n e d   t o   d i s -  
c r i m i n a t e   b e t w e e n   s o u n d s ,   t o   h e a r   s p o k e n   w o r d s ,   t o   p r e s s  a b u t -  
t o n   d u r i n g   a n o t h e r   s t a g e  of s l e e p ,   t h e i r   p e r f o r m a n c e   d u r i n g  
s t a g e  4 is  n o t   n e a r l y  s o  frequent  (Granda  and Hammack, 1961;  
Mandell  e t  a l . ,   1 9 6 5 ;   W i l l i a m s  e t  a l . ,   1 9 6 3 ) .  

"A normal   person w i l l  spend a c o n s i d e r a b l e   p o r t i o n   o f   t h e   n i g h t  
i n  t h i s  s t a g e ,   e s p e c i a l l y   i f   h e   h a s  lost  s l e e p  (Agnew e t  a l . ,  
1964) .   I f   annoyed from o u t s i d e ,   h e  w i l l  t e n d   t o  d r i f t  i n t o  a 
l i g h t e r   p h a s e   o f   s l e e p ,   b u t   i f   a n n o y a n c e s   p r e v e n t  him from  spend- 
i n g  a c e r t a i n   p o r t i o n   o f   h i s   n i g h t   i n   s t a g e   4 ,   o n   s u b s e q u e n i  
n i g h t s   h e  w i l l  make it  up   by   spend ing   subs t an t i a l ly  more time i n  
s t a g e  4 .  Although  he seems hard  t o  awaken  from t h i s  phase ,   para-  
d i x i c a l l y   h e  may be even   harder  t o  awaken from t h e   f i r s t   s t a g e   o f  
s l e e p - - i f   h e   h a p p e n s   t o   b e   i n   t h e   t h r o e s  of dreaming. 

About  an  hour  or so a f t e r   f a l l i n g   a s l e e p ,   t h e   s l e e p e r  may begin  
t o   d r i f t   b a c k  up i n t o   t h e   l i g h t e r   p h a s e s  of s l e e p  (Dement and 
Klei tman,   1957) .   Roughly  90  minutes   have  passed,   and  the  volun-  
teer ' s  s l e e p   h a s  resumed t h e   p a t t e r n   o f   s t a g e  2 .  Now,  suddenly ,  
t h e   p e n s   o f  the  EEG beg in  t o  j a b b e r ,   s c r a t c h i n g   o u t  w i l d  Oscil- 
l a t i o n s .  H e  h a s   t u r n e d   o v e r   i n  bed, and  moved. A s  t h e   o s s c i l l a -  
t i o n s  d i e  away t h e   b r a i n  wave record s h o w s   a n   i r r e g u l a r  low- 
v o l t a g e ,   r a p i d l y   c h a n g i n g   s c r i p t   l i k e   t h a t   o f   s t a g e  1. Now two 
p e n s   t h a t   a r e   a c t i v a t e d  by  movements o f   t h e   e y e s  make r a p i d   d a r t s ,  
a s  i f  t h e   e y e s   h a d   t u r n e d   t o  look a t  s o m e t h i n g .   I n t e r m i t t e n t l y  
t h e   p e n s   c o n t i n u e ,  The eyes  move a s   i f   f o l l o w i n g  a f i l m  
(Aserinsky  and  Kleitman,  1955; Dement and  Kleitman,  1957;  Roffwarg 
e t  a l . ,   1962) .   These   r ap id   eye   movemen t s ,  known a s  REMs, s i g n a l  
a phase   o f   v iv id   d reaming,  a most u n i q u e   s t a t e  of consc iousness  
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(Dement, 1965). I n   t h i s   p h a s e ,  i t  w i l l  t a k e  a r e l a t i v e l y   h u g e  
amount Of n o i s e  t o  awaken a person--yet  a v e r y   s l i g h t   n o i s e ,   w i t h  
s i g n i f i c a n c e ,  may q u i c k l y   a l e r t  him  (Goodenough,  1963). 

"Sound a c l i c k   i n   t h e   s l e e p e r ' s   e a r ,  and h i s   b r a i n  wave re- 
sponse  w i l l  no t  resemble t h a t  of stage  4--but  shows a g r e a t  re- 
semblance t o  the   response   dur ing   waking .   Al though it  may be   hard  
t o  awaken a p e r s o n   a t   t h i s  time, i n  many ways h i s   b r a i n   a c t i v i t y  
paradoxica l ly   resembles   waking ,   and  REM s l e e p  is o f t e n   c a l l e d  
p a r a d o x i c a l   s l e e p .  I t  i s  b e l i e v e d  by  somG I n v e s t i g a t o r s  t o  b e  a 
u n i q u e   s t a t e ,   t o t a l l y   d i f f e r e n t   f r o m   t h e  rest of   s leep ,   and   sub-  
se rved   by   d i f f e ren t   b ra in   mechan i sms .  

"The e n t i r e  body  shows  pronounced  changes now (Snyder,   1960, 
1962,   1964,   1965, .  Gone i s  t h e   e v e n   b r e a t h   a n d   p u l s e .  The organs  
t h a t  show t h e  most s t r i k i n g   c h a n g e s   i n   s l e e p   a r e   t h o s e   i n d i c a t i n g  
f r i g h t   o r   a n g e r .   E v e r y o n e  i s  f a m i l i a r   w i t h   t h e   b l a n c h e d   s k i n ,  
w ide   eyes ,   r ap id   hea r t   bea t   and   kno t t ed   s tomach   o f   f r i gh t .   These  
c h a n g e s   a r e   c o n t r o l l e d   b y   t h e   c l o s e l y   r e l a t e d   n e r v e s   o f   t h e   a u t o -  
nomic  nervous s y s t e m ,  w h i c h   r e g u l a t e s   t h e   o r g a n s   o f   t h e   c h e s t   a n d  
v i s c e r a ,   c h a n g e s   i n   t h e   s k i n   a n d   e y e s ,   w i t h   t h e   h e l p   o f  hormones 
secreted b y   t h e   a d r e n a l   g l a n d s .  The  autonomic s y s t e m  mod i f i e s  
i t s  organic   domain   in   un ison ,   and  i s  tuned  i n  to t h e   e m o t i o n a l  
s t a t e  of t h e   c r e a t u r e .   D u r i n g   s l o w  wave s l e e p   t h e   h e a r t   r a t e ,  res- 
p i r a t i o n ,   a n d   b l o o d   p r e s s u r e   f a l l   t o   t h e i r  lowest l e v e l s   o f   t h e  
d a y ,   f a l l i n g   a t   s l e e p   o n s e t   a n d   c o n t i n u i n g  t o  d r o p   u n t i l   a b o u t   a n  
hour   before   awakening .   Dur ing  REM s l e e p ,   h o w e v e r ,   t h e   h e a r t   r a t e ,  
b l o o d   p r e s s u r e ,   a n d   r e s p i r a t i o n  become e x c e e d i n g l y   v a r i a b l e ,  some- 
times f l u c t u a t i n g   w i l d l y .   U s u a l l y   t h e r e  is  a l o n g   i n t e r v a l   o f  REM 
s l e e p   d u r i n g   t h e   l a t t e r   p a r t   o f   t h e   n i g h t ,   t h e  time when a pe r -  
s o n ' s   t e m p e r a t u r e   h a s   f a l l e n   t o  i t s  n a d i r .   D u r i n g   t h e  REM p e r i o d  
i n   t h e   e a r l y   h o u r s   o f   m o r n i n g   t h e   a c t i v i t y   o f   t h e   a u t o n o m i c  s y s -  
tem o f t e n  becomes  most i n t ense ,   i nduc ing   wha t   have   been   ca l l ed  
"autonomic  s torms,"   which may a c c o u n t   f o r   t h e   s t a t i s t i c a l l y   f r e -  
q u e n t   o c c u r r e n c e   o f   h e a r t   a t t a c k s   a t   t h i s  time, and f u r t h e r   s t u d y  
of t h i s   p e r i o d  may make it  p o s s i b l e  t o  a n t i c i p a t e   a n d   p r e v e n t   s u c h  
c o r o n a r i e s .  

"Many o f   t h e   p h y s i c a l   c h a n g e s   t h a t   a t t e n d   t h e  REM s t a t e   c a n   b e  
obse rved   f rom  wa tch ing   t he   s l eepe r .  A t  t h e   o n s e t   t h e   m u s c l e s   o f  
the   head   and   ch in  w i l l  r e l ax   comple t e ly   (Be rge r ,   1961 ;   Jouve t ,  
1963;   Jacobson e t  a l . ,   1 9 6 4 ;  Dement,  1965).  This is so  r e g u l a r  
t h a t   t h e   l o s s   o f   t o n u s   i n   t h e   m u s c l e   u n d e r   t h e   c h i n   c a n   s e r v e   t o  
a c t i v a t e   a n   a l a r m ,   s i g n a l l i n g   t h e   o n s e t   o f  REM s l e e p .  Most t e e t h -  
g r i n d i n g   o c c u r s   a t   t h i s  time (Reding e t  a l .  , 1964) .  From i n f a n c y  
th rough   adu l thood ,  t he  REM: p e r i o d  i s  a t t e n d e d   b y   p e n i l e   e r e c t i o n s  
i n   m a l e s   ( F i s h e r  e t  a l . ,   1 9 6 5 ) .   R a p i d ,   j e r k y  movements  of t h e  
e y e s  c a n   b e   s e e n ,   e v e n   i n  many b l i n d   p e o p l e   ( B e r g e r  e t  a l . ,   1 9 6 2 ;  
Gross e t  a l . ,   1 9 6 5 ) .  
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"Most s t i k i n g   o f   a l l ,   h o w e v e r ,  i s  t h e  now s u b s t a n t i a l   e v i d e n c e  
t h a t   t h i s  i s  a p e r i o d  of v iv id   d reaming  for  a l l  human%ind,  and t h e  
s u g g e s t i o n   t h a t  it i s  a p e r i o d  of c o n s c i o u s n e s s   i n   w h i c h  monkeys 
and   pe rhaps   o the r   an ima l s   expe r i ence   v iv id   imagery .  Awakened dur -  
i n g  REM s l e e p ,  a pe r son  w i l l  a m o s t   i n e v i t a b l y   r e p o r t   m e n t a t i o n  
t h a t   d i f f e r s  from w a k i n g   t h o u g h t ,   d r a m a t i c ,   a n d   o f t e n   b i z a r r e - -  
g e n e r a l l y   r e c o g n i z e d   a s  a dream (Dement and many o t h e r s ) .  Yet, 
i f   h e  i s  awakened a f e w . m i n u t e s   a f t e r   t h e   r a p i d   e y e  movements 
c e a s e ,  when he   has   l apsed   i n to   ano the r   phase   o f   s l eep ,   t he   d ream 
w i l l  have   evapora ted .  The a v e r a g e   i n d i v i d u a l   s p e n d s  a t o t a l   o f  
abou t  5 y e a r s   o f   h i s   l i f e   i n   s u c h   v i v i d   d r e a m i n g ,   b u t  for  t h e  
most p a r t   h e  is amnesic ,   remembering  very l i t t l e .  

"The d i s c o v e r y   o f   t h e  REM phase   o f   s leep   and   subsequent   f ind-  
i n g s   a b o u t   t h e  body  and b r a i n   d u r i n g   t h i s   s t a t e   h a v e   r a i s e d  many 
fundamen ta l   ques t ions   abou t   t he   o rgan iza t ion   and   func t ion   o f   t he  
cen t r a l   ne rvous   sys t em,   and   has   s t imu la t ed  a r ap id ly   g rowing  
body  of   research  which w i l l  b e   e x p l o r e d   a t   g r e a t e r   l e n g t h   i n  
l a t e r   s e c t i o n s   o f   t h i s   p a p e r .  

"It h a s   b e e n   s a i d   t h a t   t h e   a v e r a g e   a d u l t   d r e a m s   a b o u t   e v e r y  
9 0   m i n u t e s ,   a n d   t h a t   t h e   f u l l   c y c l e   o f   s l e e p   s t a g e s   s p a n s   a n   i n -  
t e r v a l  of  90-120 m i n u t e s ,   c o r r e s p o n d i n g   t o  a s u b c y c l e   w i t h i n   t h e  
c i r cad ian   t empera tu re   rhy thm.  

" T h i s   g e n e r a l i z a t i o n  i s  somewhat mis l ead ing ,   a l t hough  it  has  
b e e n   w i d e l y   p r o p a g a t e d   i n   t h e   p r e s s ,   f o r   d r e a m i n g ,   d r e a m l i k e   e x -  
p e r i e n c e s ,   f r a g m e n t s ,   i m a g e s ,   m e n t a t i o n   o c c u r   i n   a l l   p h a s e s   o f  
s l e e p ,   a l t h o u g h   r e c a l l   v a r i e s .   S l e e p  is a success ion   o f   r epea ted  
cycles. N e v e r t h e l e s s ,   o n e ' s   p r o g r e s s i o n   t h r o u g h  a n igh t   does   no t  
r e semble   t he   pas sage   o f  a t r a i n  on a c i r c u l a r   t r a c k ,   a r r i v i n g   a t  
d i f f e r e n t   s t a t i o n s   a t  a p r e d i c t a b l e  time. People   o f   about   the  
same age   do   no t   fo l low  such  a r i g i d   t i m e t a b l e   o f   s l e e p ,  and a l l  
humanity  does  not  rise and f a l l  on t h e  waves  of a s i n g ? e   t i d e .  

"The  Whole Night 

A r e e x a m i n a t i o n   o f   t h e   n i g h t l y  EEG p a t t e r n s   o f   s l e e p   h a s   b e e n  
c o n d u c t e d   r e c e n t l y   w i t h  16 med ica l   s tuden t s ,   e ach   o f  whom s p e n t  
f o u r   n i g h t s   i n   t h e   l a b o r a t o r y .   O n l y   t w o   u n i f o r m   p a t t e r n s   e m e r g e d .  
The e n t i r e   g r o u p  showed a g r e a t e r   i n c i d e n c e   o f  REM p e r i o d s   d u r i n g  
t h e   l a s t   t h i r d   o f   t h e   n i g h t ,   a n d   t h e  slow-v:ave s l e e p   o f   s t a g e  4 
p r e d o m i n a t e d   d u r i n g   t h e   f i r s t   t h i r d   o f   t h e   n i g h t .  N o t  on ly  was 
t h e r e   n o   c o n s i s t e n t  time s c h e d u l e   o f   s l e e p   s t a g e s   f o r   t h e   g r o u p - -  
b u t   i n d i v i d u 9 l s  showed s l i g h t l y   d i f f e r e n t   p a t t e r n s  on d i f f e r e n t  
n i g h t s .   E x c e p t i n g   f o r   t h e i r  REM pe r iods   t hey   d id   no t   spend  more 
t h a n  10 m i n u t e s   a t  a time i n  any EEG phase ,   and   th roughout   the  
n i g h t   s t a g e  2 w i t h  i t s  s p i n d l e s   o c c u r r e d   e v e n l y ,   l i k e  a t r a n s i t i o n  
p e r i o d ,  a b r idge   (Wi l l i ams ,  Agnew, and Webb, 1964) .   Evidence  f rom 
a n u m b e r   o f   s t u d i e s   s u g g e s t s   t h a t   e a c h   o f  us h a s  a c h a r a c t e r i s t i c  
s l e e p   p a t t e r n ,   a n  EEG s c r i p t   t h a t  i s  i d e n t i f i a b l e   a n d   i n d i v i d u a l ,  
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a l though  w e  vary  somewhat  from  night t o   n i g h t .  SO f a r  n o   r u l e s  
h a v e   b e e n   f o u n d   f o r   d e s c r i b i n g   t h e   s u c c e s s i o n  of EEG p h a s e s   t h a t  
a l l   p e o p l e  w i l l  p a s s   t h r o u g h   i n  a n i g h t ' s   s l e e p ,   b u t  more   sophis -  
t i c a t e d   a n a l y s e s  may i n d e e d   r e v e a l   a n   i n h e r e n t   o r d e r   i n   t h e  se- 
-quence of c y c l e s  (Zung e t  a l . ,   1 9 6 5 ;  Hammack e t  a l . ,   1 9 6 4 ) .  

"However much p e o p l e   d i f f e r   i n   d e t a i l ,   n o r m a l   p e o p l e  show 
r o u g h l y   t h e   s a m e   o v e r a l l   p a t t e r n .   T h e y   s l e e p   f o r  a l o n g   i n t e r v a l  
once i n  24 h o u r s ,   a t   t h e  time of t h e i r   l o w e s t  body  temperature .  
They  spend  roughly  the same p r o p o r t i o n   o f   t h e   n i g h t   i n  R E M  s l e e p  
a n d   s t a g e   4 ,   d i s t r i b u t i n g   t h e m   o v e r   t h e   n i g h t   i n   r o u g h l y   t h e  same 
manner . II 

FIG. 24 EXAMPLE OF EEG  DURING AWAKE AND  SLEEP  STAGE 1 
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FIG. 25 EXAMPLE OF EEG DURING  SLEEP STAGES 2 AND 4 





I FIG. 27 EXAMPLE OF EEG DURING SLEEP STAGE REM 
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