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A B S T R A C T  

This  r e p o r t  i s  intended to he used a s  a n  a id  to  n i i l i t a ry  mis s ion  

p l a n n e r s  in  de te rmining  al lowable proximi ty  t o  a n u c l e a r  f i r e b a l l  f r o m  the 

standpoints of permanent  r e t i n a l  i n ju ry  and the  t e m p o r a r y  e f f ec t s  of f l a s h -  

bl indness .  P e r t i n e n t  physical  and physiological phenomena a r e  d l s c u s s c d  

in  modera t e  d e t a i l ;  the nucleus of the u,ork being a fanii ly of c u r v e s  which 

indicate  acceptable  separa t ion  d i s t a n c e s  f o r  the prevent ion  of r e t i n a l  b u r n s  

and  f lashbl indness .  

s e p a r a t i o n  d i s t a n c e s  using a s l i de  r u l e  a r e  included a s  an  appendix.  

Detailed in s t ruc t ions  f o r  approx ima t ing  acceptab le  

. . .  
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I. INTRODUCTION 

It  h a s  been  knn\vn  f o r  many y e a r s  that  d a m a g e  to  the  e y e s  c a n  o c c u r  

a s  a r e s u l t  o f  vieu, ing a ve ry  br ight  l ight ,  and that  t h i s  damage  could r e s u l t  

i n  a pe rmanen t  loss  of v i sua l  acui ty .  The  e a r l y  evidence of r e t ina l  dalnage 
d 

produced  in t h i s  way was  obse rved  in  individuals  who had  viewed a s o l a r  ! 

ec l ip se  without adequate  eye  pro tec t ion  (1)  . The  r e su l t i ng  loss  in v is ion  

\vas ca l led  "ec l ipse  bl indness" ,  and even  now desp i t e  f r equen t  warn ings  

to t h e  publ ic ,  i n j u r i e s  f r o m  viewing e c l i p - e ?  a r e  s t i l l  r epor t ed  (21  . 

T h e  development  of nuc lear  weapons in t roduced  a new and potent ia l ly  

The m o r e  h a z a r d o u s  s o u r c e  of rad ia t ion  capable  of producing  eye  in ju r i e s .  

potent ia l  for e y e  in ju ry  w a s  recognized  f r o m  the  beginning s ince  p ro tec t ive  

goggles  w e r e  w o r n  a t  the f i r s t  a tomic  bomb t e s t  in 1942--and in e a c h  t r - i  

t h e r e a f t e r .  I 

The  f i rs t  e x p e r i m e n t s  deal ing with the e f fec ts  of a nuc lear  f l a s h  on 

the  e y e s  w e r e  conducted by the  A i r  F o r c e  School  of Aviation Medicine in 

1951 dur ing  Opera t ion  B u s t e r .  

no t  d i s c u s s e d  in the  open l i t e r a t u r e  until 1953 when i t  was pointed out ( 3 )  that ,  

It a p p e a r s ,  however ,  that  th i s  p r o b l e m  was 

because  of the focus ing  of ene rgy  by the e y e ,  i n j u r y  could be sus ta ined  

e x t r e m e l y  long d i s t a n c e s - - m u c h  longer  d i s t ances  than those  a t  whit 

./--- ra could be produced  by any o ther  d i r e c t  e f fec ts .  

Fol lowing Opera t ion  Bus te r  c a m e  a s e r l e s  Of  1 

T h  study the e f fec ts  of nuc lea r  detonat ions on v is ion .  

And 

,/ 
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ctilniinated with a n  extensive e x p e r i m e n t  conducted during Operatic,n 

Dominic and Fishbowl in  19b2 (-1) . 

Today,  t h e r e  a r e  s e v e r a l  s o u r c e s  of rad ian t  energy that  a r e  

capable  of producing r e t ina l  damage ,  and m o s t  of these  s o u r c e s  p o s s e s s  a 

m u c h  g r e a t e r  capaci ty  f o r  producing d a m a g e  than does  the s u n .  

except ion of  the Q-switched l a s e r - - a n  u l t ra -h igh  power mode of l a s e r  

opera t ion  that  in t roduces  a n e x  s p e c t r u m  of biological damage ( j t  6 ) - - t h e  

mcchanis rn  by which in jury  to the eye  i s  produced a p p e a r s  to be the s a m e  

in a l l  c a s e s ,  v i z . ,  the  product ion of  r e g i o n s  of e levated t e m p e r a t u r e s  i n  the 

r e t ina  and adjacent  r e g i o n s  a s  a r e su l t  of absorp t ion  of the incident rad ia t ion  

energy .  

genera t ing  e x c e s s i v e  t e m p e r a t u r e s ,  no m a t t e r  whether  the s o u r c e  i s  the s u n .  

a nuc lear  detonat ion,  a normally opera ted  l a s e r ,  a pulsed xenon tube,  a n  

incandescent  p l a s m a ,  o r  some  other  high intensi ty  s o u r c e ,  the damage  

produced  wil l  be s i m i l a r  i n  each c a s e - - d i f f e r i n g  only a s  a r e su l t  of v a r i a t i o n s  

i n  the condi t ions of e x p o s u r e ,  d i f fe rences  in  the c h a r a c t e r i s t i c s  of the s o u r c e s ,  

and d i f f e r e n c e s  i n  the subjec ts  t h e m s e l v e s .  

W i t h  the 

Since p e r m a n e n t  injury a p p e a r s  to  be s imply a consequence of 

The  s igni f icance  of chor iore t ina l  b u r n s  depends upon a number  of 

f a c t o r s .  S o m e  of t h e s e  f a c t o r s  a r e  a s s o c i a t e d  with the physical  c h a r a c t e r i s t i c s  

of  the ac tua l  l e s i o n s - - s u c h  a s  s i z e ,  loca t ion ,  and severi ty .  

d e t e r m i n e  the p a r t i c u l a r  visual  function affected and the extent of l o s s  of  

function. 

These  f a c t o r s  

.._Cy .,.,LZU+ ...-." - 
In  c o n t r a s t ,  o ther  f a c t o r s  involve the consequences of  having 
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suf fered  a loss of visual  function. 

to  the individual u f  the spucif ic  function affeitcLl. lhc. extent of the funct ional  

l o s s ,  the possibi l i ty  ,>f  p a r t i a l  r e c o v e r y ,  and the pljtential for p a r t l y  o v e r -  

coming the loss by visual  t ra ining a n d / o r  p r a c t i c e .  

T h e s e  f a c t u r s  d c a l  Kith the irnpcJrtancc 

XI. G E N E R A L  DISCUSSION 

T h i s  rep0r.t = a s  develgped f o r  use in  de te rmining  acceptab le  p r o ~ i m i t y  

T\vo potential  to  nuc lear  detonations in  so far a s  eye e f f e c t s  a r e  concerned .  

m i s s i o n  h a z a r d s  a r e  dea l t  with - r e t i n a l  b u r n s  and  f l a shb l indness .  

yields  f r o m ,  01 KT to 25  M T  a t  b u r s t  and  fl ight a l t i t udes  ranging from s e a  

l e v e l  t o  100 ,  000 fee t  have been cons idered .  

Weapon 

T h e  d i s t a n c e s  deterni ined using t h e  r e t i n a l  b u r n  envelopes a r e  the 

m i n i m u m  allowable d is tances  f r o m  f i r eba l l  to  o b s e r v e r  tha t  a re  cons ide red  

1 1  safe" ,  i. e .  ~ dis tances  at  which no pe rmanen t  d a m a g e  \vi11 be p roduced  

before  a r e f l ex ive  blink o c c u r s  and  p r o t e c t s  the eye.  

T h e  d i s t a n c e s  de te rmined  using the f lashbl indness  envelopes  a r e  also 

m i n i m u m  allo\vable d i s t ances ,  but i n  t h i s  c a s e ,  they refer to t e m p o r a r y  

r a t h e r  than  pe rmanen t  visual  impa i rmen t .  

d i s t a n c e  a t  \r.hich 10 seconds of f lashbl indness  \vi11 be  exper ienced .  i.  E .  

d i s t a n c e s  a t  which i t  will take 10 seconds  to  r e c o v e r  a t  l e a s t  r o l l 2 0  acui ty ,  

suf f ic ien t  acuity t o  obtain useful i n f o r m a t i o n  f r o m  f l ight  i n s t run ien t s .  

T h e s e  c u r v e s  d e s c r i b e  the 

3 



Weapon c h a r a c t e r i s t i c s ,  a t m o s p h e r i c  t r a n s m i s s i o n ,  and per t inent  

a s p e c t s  of the physiology of vis ion a r e  d i s c u s s e d  c u r s o r i l y  in o r d e r  to 

acquaint  the r e a d e r  with the bas ic  concepts  involved and to r e l a t e  re t ina l  

e x p o s u r e  to ioss  of visual  function. 

To the extent  poss ib le ,  the predict ion techniques eniplcyed i n c o r p o r a t e  

the r e s u l t s  of observa t ions  taken during the m o s t  r e c e n t  nuclear  t e s t s  (4) , 

Weapon C h a r a c t e r i s t i c s  

T h e r e  a r e  s e v e r a l  b a s i c  d i f f e rences  betw,een nuc lear  and conventional 

high-explosive weapons. A nuclear  explosion m a y  be m a n y  t i m e s  m o r e  

powerful  than the l a r g e s t  conventional explosion,  a nuc lear  explosion is  

accompanied by highly pene t ra t ing  ionizing r ad ia t ions ,  the f i ss ion  p r o d u c t s  

remain ing  a f t e r  a nuc lear  explosion a r e  rad ioac t ive ,  and a l a r g e  amoun t  of 

the  nuclear  e n e r g y  is  conver ted  to t h e r m a l  e n e r g y  (l ight and hea t ) .  

t h e r m a l  energy  i s  the energy  tha t  is r e s p o n s i b l e  f u r  c h o r i o r e t i n a l  b u r n s  

and flashblindne s s ,  

'This 

F i g u r e  1 shows the dis t r ibut ion of energy  f r o m  a f i s s ion  weapon i n  

a typical  a i r  b u r s t .  

f e e t  the f rac t ion  of e n e r g y  converted io t h e r m a l  e n e r g y  l i e s  between 30 

and 40 p e r c e n t  (7) and i s  taken a s  3 3  p e r c e n t  i n  the ca lcu la t ions  d e s c r i b e d  

he re in .  

F o r  detonations in  the a t m o s p h e r e  below 100,  000  

! 

, * .L I. . ,. ./I<.li. .. . 
At lower a l t i tudes ,  a gaseous  f i reba l l  is f o r m e d  and essent ia l ly  a l l  

Of the t h e r m a l  energy  is  e m i t t e d  in  two p u l s e s  ( F i g u r e  2 ) " ) .  The  f i r s t  

4 
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TIME AFTER EXPLOSION I'S~CONDS) 

F I G U R E  2 .  Temperature  variation in a 20 kiloton a l r  b u r s t  
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pulse  i s  re la t i \ ,e ly  s h o r t  and contains  approximate ly  one  p e r c e n t  of the to t a l  

e n e r g y .  

much  longe r .  

e n e r g y ,  under  c e r t a i n  c i r c u m s t a n c e s  i t  is  capable  o i  producing pe rmanen t  

injury to  the r e t i n a .  

ene rgy  a p p e a r s  in  the f i r s t  pu l se .  

e s sen t i a l ly  a l l  o f  the ene rgy  i s  emi t ted  in  a s ingle  v e r y  s h o r t  pu l se .  

T h e  second pu l se ,  which contains the r e m a i n d e r  of the e n e r g y ,  1s 

Although the f i r s t  pulse contains  only one  p e r c e n t  of t he  

F o r  detonations a t  higher  a l t i t u d e s ,  nmre of the t h e r m a l  

F o r  v e r y  high a l t i tude  d e t o n a i i - i ; ~ ,  

The  amount  of t h e r m a l  ene rgy  a r r i v i n g  a t  the posi t ion of t he  o b s e r v e r  

depends upon the weapon des ign ,  i ts  s i z e ,  alt i tude of t he  detonat ion,  d i s t a n c e  

t o  and alt i tude of the o b s e r v e r ,  and c h a r d c t e r i s t i c s  of t h e  in te rvening  

a tmosphe re .  

of predict ing s a f e  separa t ion  d i s t ances .  

Es t ima t ion  of :his energy  c o m p r i s e s  a l a r g e  p a r t  of t he  problen i  

A tmospher i c  T r a n s m i s s i o n  

B e f o r e  reaching  the e y e ,  the r ad ian t  ene rgy  e m i t t e d  by the f i r e b a l l  i s  

a t tenuated by the a t m o s p h e r e  through p r o c e s s e s  of s c a t t e r i n g  and absorp t ion .  

Attenuation b y  the  a t m o s p h e r e  is a subject  of s o m e  complexi ty  due  to  the 

v a r i e t y  of phenomena and s i tuat ions which c a n  be involved. 

a t tenuat ion of r ad ian t  ene rgy  by t h e  a t m o s p h e r e  depends  upon the composi t ion ,  

c h a r a c t e r i s t i c s ,  and d i s t r ibu t ion  of the a t m o s p h e r e  i n  the p a t h  be tween 

detonation and o b s e r v e r  and the  energy  s p e c t r u m  of the e m i t t e d  r ad ia t ion .  

T h e  composi t ion.  dis t r ibut ion,  and c h a r a c t e r i s t i c s  of the a t m o s p h e r e  v a r y  

f r o n i  t i m e  to  t i m e  and place t o  p lace  and f requent ly  a r e  d i f f icu l t  o r  i inposslble  

In  g e n e r a l ,  

7 



to  pred ic t  x i t h  any a c c u r a c y .  

n e c e s s a r y  t 3  cons ider  a l l  of the phenomena involved, or to account for the  

fu l l  r a n g e  01 si tuat ions and var ia t ions  which can  occur ,  

l ini i t  cons idera t ion  to t he  u n s c a t t e r e d  o r  i m a g e  f o r m i n g  radiat ion t r a n s m i t t e d  

through a c l e a r  c loudless  a t m o s p h e r e ,  the si tuation m o s t  favorable  to the 

product ion of  r e t ina l  b u r n s ,  under the assumpt ion  that t r a n s n i i s s i o n  through 

the a t m o s p h e r e  m a y  b e  d e s c r i b e d  adequately by the express ion:  

F o r  the r e t ina l  b u r n  problem,  i t  i s  not 

It i s  sufficient to 

w h e r e :  

m = the  mass of a i r  in  the path between detonation and o b s e r v e r  

(a  function of b u r s t  and o b s e r v e r  a l t i tudes and hor izonta l  r ange ) .  

w = the m a s s  of prec ip i tab le  water  vapor  in the path between detonation 

and o b s e r v e r  (.i;so a function of b u r s t  and o b s e r v e r  a l t i tudes  

and hor izonta l  range) .  

keAff = effect ive n a r r o w  b e a m  extinction coefficient of d r y  a i r .  

keff = effect ive n a r r o w  b e a m  extinction coeff ic ient  of water  v a p o r .  
W 

The  Standard  U. S. A t m o s p h e r e  (1962) is  u s e d  a 5  a model  f o r  a i r - d e n s i t y  

v a r i a t i o n  with s l t i tude w h e r e a s  a n  exponential  d e c r e a s e  with al t i tude is  

a s s u m e d  f o r  w a t e r  vapor  densi ty .  
. ._-:. . . , .-~.rl>i x - 
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In t e rac t ion  of Radiant  Ene rgy  with the  E y e  

T h e  e f f e c t s  of t h e r m a l  r ad ia t ion  on the e y e s  m a y  be c l a s s i f i ed  a s  

p e r m a n e nt ( c h o r i o r e t  1 n a 1 bu rns  ) o r t e nip o r a r y ( f 1 a s h b 1 1 n dn e s s ) . 

of  t h e r m a l  energy  on the re t ina  by the eye  l e n s  s y s t e m  c a n  r e s u l t  i n  i n ju ry  

to  the r e t ina .  

is  in the field of vis ion s o  that  an  i m a g e  of the s o u r c e  i s  f o r m e d  o n  

the  r e t i n a .  

which chor iore t ina l  bu rns  c a n  o c c u r  m a y  be much g r e a t e r  than t h o s e  \r.here 

t h e r m a l  rad ia t ion  p roduces  skin b u r n s .  

i r r a d i a n c e  ( ene rgy  p e r  unit a r e a  per  unit t i m e )  incident  on the e y e  i s  i nve r se ly  

p ropor t iona l  t o  the s q u a r e  of the  d i s t ance  f r o m  the f i r eba l l .  

a r ea  of the f i r eba l l  image  on the r e t ina  i s  a l s o  inve r se ly  p ropor t iona l  t o  the 

s q u a r e  of the d is tance  f r o m  the f i r eka l l .  A s  a r e s u l t ,  the i r r a d i a n c e  a t  the 

r e t i n a  in  the  image  of the f i r eba l l  i s  independent  of the d i s t ance  f r o m  the  

f i r eba l l - - excep t  f o r  the e f f e c t  in t roduced  by a t m o s p h e r i c  a t tenuat ion ,  

Fo r tuna te ly ,  a tmosphe r i c  a t tenuat ion i n c r e a s e s  with d i s t ance  s o  t h a t  

d i s t a n c e  c a n  provide  protect ion.  T h e r e  a r e  two o ther  f a c t o r s  which e n t e r  into 

the  p r o b l e m  in a significant way--one is  pupil s i ze  and  t h e  o the r  is bl ink t ime .  

In o r d e r  to  a d m i t  m o r e  l ight,  the  pupi l  of the  eye  no rma l ly  e n l a r g e s  a t  low 

l e v e l s  of i l luminat ion.  T h u s ,  under condi t ions of l o w  ambien t  i l lumina t ion  

(dusk o r  night)  the pupil wil l  be l a r g e r  than  in daylight and al low m o r e  of the  

t h e r n i a l  ene rgy  f r o m  the f i r eba l l  to  s t r i k e  the r e t i n a ,  

a s s u m e d  fo r  t h i s  work  w e r e  6. 5 m m  (night) ;  5 m m  (behind 2% gold f i l t e r ) ,  and  

2.  5 mm (day) .  

C (I n c e n  t r a t  i o n 

However ,  th i s  will  n o r m a l l y  o c c u r  only i f  the  s o u r c e  of  e n e r g y  

Because  of  the focusing of  e n e r g y  by the e y e ,  the d i s t a n c e s  a t  

T h i s  conies  about a s  fo l lows:  the 

H o w e v e r ,  the  

A v e r a g e  pupi l  d i a m e t e r s  

n 



Consider ing  blink t l rne ,  i t  i s  a p p a r e n t  tha t  only radiat ion r e c e i v e d  p r i o r  

to  c los ing  the e y e s  in  a ref lexive blink c a n  cont r ibu te  to the product ion of  

r e t ina l  d a m a g e .  

F o r  the predict ions made  h e r e i n ,  exposure  t i m e s  a r e  taken to be 2 5 0  

m i l l i s e c o n d s  for  s m a l l  x 'eapons and 450 rni l l iseconds f o r  l a r g e r  weapons.  

As a r e s u l t ,  t h e  t i m e  for a blink to occur  can  b e  i m p o r t a n t .  

111. RESULTS O F  EXCESSIVE EXPOSURES 

Chor iore t ina l  B u r n s  

A ske tch  of the human  eye i s  shown in F i g u r e  3 .  F o r  p u r p o s e s  of 

d i s c u s s i o n ,  the eye m a y  b e  c o m p a r e d  to a c a m e r a ,  

by the eye  a r e  r e f r a c t e d  by the c o r n e a ,  l e n s ,  and  ocular  m e d i a  s o  that  

they a r e  focused on the r e t ina  producing t h e r e  a n  i m a g e  of the f i r eba l l .  

Light r a y s  r e c e i v e d  

M e c h a n i s m  of Product ion  

H e a t  genera ted  in  the r e t ina  and  ad jacent  s t r u c t u r e s  will  in  t i m e  

diffuse away f r o m  the a r e a  in which the  i m a g e  is  focused  and wi l l  a l s o  

b e  conducted away by the flow of blood i n  the v a s c u l a r  bed.  If t h e  r a t e  

of heat  diffusion in a n  a r e a  is l e s s  than  the  r a t e  of heat genera t ion  in 

tha t  a r e a ,  the t e m p e r a t u r e  wil l  i n c r e a s e .  

the biological t o l e r a n c e s  f o r  the  a r e a  involved, in jury  to  t h e  photo-  

r e c e p t o r s  ( r o d s  and cones ) ,  to  the opt ica l  n e r v e  t i s sue  and o ther  

s t r u c t u r e s  in the re t ina  and choro id  m a y  resu l t - -wi th  a subsequent  

p e r m a n e n t  l o s s  of vis ion.  CurrkSt .  tbS2idY?h-efforts a r e  a t tempt ing  

t o  def ine threshold  t e m p e r a t u r e s  but r e l a t ive ly  l i t t l e  r e l i ab le  

If the t e m p e r a t u r e  e x c e e d s  

i 

? 
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quantitative inforniat ion e x i s t s  a t  p r e s e n t .  

is  gained i n  t h i s  a r e a ,  i t  \vi11 be n e c e s s a r y  t o  continue t o  b a s e  

threshold  c r i t e r i a  upon \ - isual  o b s e r v a t i o n s  of r e t inh l  changes  produced  

i n  l abora tory  an ima l s  and,  n i t h  a p p r o p r i a t e  znlety f a c i g r s .  e x t r a p o l a t e  

Until m o r e  knowledge 

t h e s e  r e s u l t s  to humans ,  

E f f e c t s  on V i s i o n  

. The  degree  of v i sua l  impa i rmen t  caused  by a r e t i n a l  b u r n  will  be  

dependent  on the s i z e ,  s eve r i ty ,  and  locat ion of  t h e  burn.  T h e  s i z e  

of  the image ,  which inf luences the  s i z e  o f  a b u r n ,  depends  o n  the  v i s u a l  

angle  subtended by the object-- i .  e . ,  t he  s i z e  of  t he  f i r e b a l l  and  i t s  

d i s t a n c e  f r o m  the o b s e r v e r .  

g e n e r a l  upon the amount  by which the exposure  exceeds  the t h r e s h o l d  

e x p o s u r e .  The  function affected will  be de te rmined  by the  locat ion o f  

t he  b u r n ( s ) .  

m o s t  d e t r i m e n t a l  to  v i s u a l  acu i ty  and co lo r  vis ion s ince  the fovea is  

employed  fo r  high acui ty  and  co lo r  recogni t ion.  

would have less  e f f ec t  o n v i s u a l  acu i ty ,  and,  b a r r i n g  compl ica t ions ,  could 

r e s u l t  i n a  sco toma  or blind spot that  might not  b e  noticed. 

i t  c a n  be  e s t i m a t e d  tha t  b u r n s  exact ly  c e n t e r e d  i n  each  fovea and  l a r g e  

T h e  s e v e r i t y  of a b u r n  depends  i n  

For example ,  sustaining a b u r n  in  the  fovea would be 

A b u r n  i n  the  p e r i p h e r y  

F r o m  F i g u r e  4 ,  

enough to include the  c e n t r a l  2 .  5 d e g r e e  v i sua l  f i e ld ,  would r educe  

visual  acui ty  to  about  5 7  percent  of n o r m a l  ( 2 0 / 3 5  on  the S n e l l e n  

s c a l e ) .  In theo ry ,  if t he  c e n t r a l  lO..de.gr,m,va.sual f i e l d  w e r e  d e s t r o y e d ,  t he  

1 2  
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acui ty  q,uuld be 29 p e r c e n t  ( 2 0 / 7 0 ) .  E v e n  if the c e n t r a l  20 d e g r e e s  of  

vis ion w e r e  des t royed ,  a n  ex t r eme ly  unlikely s i tua t ion ,  v i s u a l  acui ty  

would be reduced  to  approximate ly  20 p e r c e n t ,  i. e .  aboot 

20/100. 

A schemat i c  drawing  of c e n t r a l  f ie ld  de fec t s  and the b u r n s  r e spons ib l e  

for these  defec ts  a r e  shown in F i g u r e  5 .  

shown i n  the reg ion  of t he  macula  a s  Lhey would a p p e a r  in  s i z e  and 

r e l a t ion  to  the optic nerve .  

f r o m  a b i l a t e r a l  vie=' of a s ing le  s o u r c e .  

are plotted on the f ie ld  c h a r t s .  

b u r n  VJDUld c a u s e  a pe rmanen t  visua! i m p a i r m e n t  of approx ima te ly  

1 / 2  to 3 / 4  of n o r m a l  i f  c e n t e r e d  on the fovea.  Visual  acui ty  would 

probably be no b e t t e r  than 2 0 / b O  even  a f t e r  e d e m a  h a s  subs ided .  

loca ted  off the  fuvea should not r educe  acui ty ,  but  only produce  b!ind 

The  b u r n s  numbered  1 - 6  a r e  

B u r n s  having co r re spond ing  n u m b e r s  r e s u l t  

Cor re spond ing  s c o t o m a t a  

The c e n t r a l l y  located 1. 8 mrn (6  d e g r e e )  

B u r n s  

spots .  

Ex t r a - fovea l  b u r n s  may produce  v i s u a l  de fec t s  t ha t  a r r  s ignif icant ly  

d i f fe ren t  than  foveal  b u r n s .  

p roduces  a defec t  which c o r r e s p o n d s  to  the a r e a  which i s  s e r v e d  b y  

the affected f i b e r s  and not the a r e a  of the l e s ion ,  a s m a l l  heavy  b u r n  

n e a r  t h e  d i s c  could c a u s e  a n  ex tens ive  field de fec t  a s  wel l  a s  a 

local ized sco toma a t  the site of the  b u r n ,  

f i be r s  of the re t ina  a r e  shown schemat i ca l ly  in F i g u r e  4 .  

Since  a l e s i o n  of the Iierve f i b e r  l a y e r  

The c o u r s e  of the n e r v e  

F i g u r e  7 

1 3  



TEMPORAL BLIND 
NASAL SPOT 

DEGREES ECCENTRIC FROM THE FOVEA 
variat ions of  the visual acuity (after Wertheim) 

Visual  acu i ty  a s  a funct ion of angu la r  d i s t ance  f r o m  t h e  fovea  

The reg ona 

F I G U R E  4. 
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sh,>\vs f ie ld  d e f e c t s  produced by d a m a g e  to  n c r y r  f ibe r  bundles. 

It should be eniphasiLed that the loss of \ - is lun r e s a l t l n g  f r o m  

re t ina l  burns  al though p e r m a n e n t  and  uncrJrrectable,  \ s i l l  not take 

the  f o r n i  of total  b l i n d n e s s .  

of visii,n in  the forim I)[ blind "spots" ,  bu t  coiiipl<.tc \ i s u a l  incapaci ta t ion 

a s  a r e s u l t  of r e t i n a l  bu rns  is  e x t r e m e l y  unlikely.  

B u r n s  c a ~ n  r e s u l t  i n  sonie  i m p a i r m e n t  

F ta shb l indncss  

T h e  t e n i p g r a r y  d e c r e a s e  i n  visual  s ens i t i v i ty  follo\\-ing exposure tu a 

b r igh t  l ight  h a s  been  t e r m e d  f lashbl indness ,  a n d  the t i m e  r r q o i r e d  t o  r e g a i n  

v i s u a l  iunct ion is called r e c o v e r y  time. 

is n e c e s s a r y  to  specify the v i s u a l  t a s k  o r  the p a r t i c u l a r  visual  capabi l i ty  

d e s i r e d  s ince  the  t ime r e q u i r e d  to  r e a c h  a glven l eve l  of visual  pe r fo rn lance  

depends  upon the  p e r f o r m a n c e  l e v e l  s e l e c t e d .  

In cons ider ing  r e c o v e r y  t i m e ,  i t  

Mechanisn i  of P rcduc t ion  

Br i e f ly ,  high-luminance l i gh t s  p roduce  afterimages of the shape  

and  s i z e  of  the p r i m a r y  i m a g e s .  

a n  a f t e r i m a g e  is r e l a t e d  t o  the amount  of photo-pigment  b leached  i n  

t h e  a r e a  covered  by the  i m a g e ,  and  che d e c r e a s e  in a f t e r i m a g e  b r i g h t n e s s  

with t i m e  a p p e a r s  t o  be r e l a t e d  to  the  r e g e n e r a t i o n  of t he  photo-p igments ,  

A n  a f t e r i m a g e  a p p e a r s  a s  a b r igh t  a r e a  i n  the  v i sua l  f ie ld  ( o r  a d a r h  

a r e a  - -depending upon the I i l in inaneevJf - the t ih~ktgra l lnd l  and r r d i i c e s  

The ini t ia l ly  pe rce ived  b r i g h t n e s s  of 

I t  



THE RADIATING LINES SHOW HOW .THE NERVE FIBRES FAN OUT. 
NOTE THAT T E M P O R A L  TO THE MACULA THE FIBRES MEET I N A  

MEOIAN RAPHE. 
Semidiagramatic picture of the Fundus Oculi, right Eye. 

FIGURE 6 .  Schematic drawing of the nerve fibers 
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= LOCATION .7mm. BURN AND SCOTOMA 
LOCATION .7mm. BURN AND SCOTOMA 

El LOCATION .7mm. BURN AND SCOTOMA 
O.N. OPTIC N E R V E  
M. M A C U L A  

F I G U R E  7. Schemat i c  drawing  of v i sua l  f ield de fec t s  r e su l t i ng  f r o m  
L. .. 4 :JS%lL: .-% -.*. in  j u r y t c ne r v e - f ib  e i-' '6und re s 
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c o n t r a s t s  in  a s cene  subsequent ly  i m a g e d  within the  a r e a  occupied 

by the a f t e r i m a g e .  In  o r d e r  for  a n  object  to be s e e n  "through" the 

a f t e r i m a g e ,  the  objec t  m u s t  produce  a p r i m a r y  i m a g e  of suff ic ient  

b r igh tness  to c r e a t e  de t ec t ab le  c o n t r a s t s .  

a n  a f t e r i m a g e ,  d e t a i l  tha t  could be de tec ted  p r i o r  to  a f lash  may '3e 

indis t inguishable  unt i l  t he  a f t e r image  decays  to  a b r i g h t n e s s  leve l  

permi t t ing  perce ivable  c o n t r a s t s ,  A s  a r e s u l t ,  r e c o v e r y  t i m e  depends 

gene ra l ly  upon the  in t eg ra t ed  incident  luminous  e n e r g y ,  the  luminance  

of the subsequent  s c e n e ,  and the v isua l  acui ty  r e q u i r e d  fo r  percept ion  

of the p a r t i c u l a r  d e t a i l  d e s i r e d ,  

Agains t  the  background of 

F i g u r e  8'O' shows the  g e n e r a l  f o r m  of r e c o v e r y  t i m e  a s  a function of 

s t imu lus  f l a sh  e n e r g y -  - a s s u m i n g  a cons tan t  f l a s h  dura t ion .  

luminance  i s  the p a r a m e t e r  be tween c u r v e s .  

e n e r g i e s ,  t h e r e  will  be  no s ignif icant  effect  on v i sua l  funct ion.  

a s  f l a sh  ene rgy  is i n c r e a s e d ,  a n  i n c r e a s e  i n  r e c o v e r y  t i m e  b e c o r r e s  . 

apparent .  

o c c u r s ,  r e c o v e r y  t i m e s  m a y  change v e r y  l i t t l e  with a n  i n c r e a s e  in  f lash  

energy .  However ,  a s  the f l a s h  energy  approaches  the th re sho ld  fo r  

in jury ,  r e c o v e r y  t i m e  i n c r e a s e s  rapidly until i n ju ry  o c c u r s ,  A t  th i s  

point ,  function i s  l o s t  i r r e v e r s i b l y .  

T a r g e t  

F o r  v e r y  low f l a sh  

However ,  

F o r  e x p o s u r e  l eve l s  beyond those  a t  which m a x i m u m  bleaching 

The  r e l a t ionsh ip  be tween t a r g e t  luminance  and r e c o v e r y  t ime  can  

I n c r e a s i n g  display also  be in fe r r ed  f r o m  a n  examinat ion of F i g u r e  8. 
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l uminances  a r e  r e p r e s e n t e d  by success ive ly  d i sp laced  c u r v e s  in  the 

f igure .  

luminance .  C l e a r l y ,  t a r g e t  luminance is a n  impor t an t  va r i ab le  and 

r e c o v e r y  t i m e s  can be significantly r educed  by inc reas ing  t a r g e t  

luminance .  

Note that  r e c o v e r y  t imes  d e c r e a s e  with inc reas ing  t a r g e t  

IV.  PREDICTION METHODS 

Ret ina l  B u r n  

Detai led calculat ions i l lus t ra t ing  the techniques  employed in  de t e rmin ing  

acceptab le  sepa ra t ion  d i s t ances  a r e  given in  Appendix A. 

the method is given below: 

A br ie f  s u m m a r y  of 

The  to ta l  ene rgy  p e r  unit a r e a  focused into a n  i m a g e  on the r e t i n a  is  

ca l led  the r e t ina l  exposure ,  Q (CALC). Th i s  quantity v a r i e s  i nve r se ly  a s  a 

funct ion of d i s t ance  to the  f i r e b a l l  due  to a t m o s p h e r i c  a t tenuat ion  and can  be  

calculated f o r  the human  eye-  -provided a t m o s p h e r i c  a t tenuat ion and the  t h e r m a l  

c h a r a c t e r i s t i c s  of the weapon a r e  known. F o r  the  c u r v e s  contained i n  th i s  

document ,  a blink r e f l e x  of 0 .25  seconds  is a s s u m e d  f o r  y ie lds  below 1 M T  

r 

and 0 .45  seconds  fo r  y ie lds  of 1 M T  and above. 

E x p e r i m e n t s  using r abb i t s ,  p lus  data  obtained f r o m  l imi t ed  s tudies  

involving humans ,  s e r v e  a s  the b a s i s  fo r  de te rmining  the allowable o r  s a fe  

r e t ina l  exposure ,  Q . This  is the  m a x i m u m  exposure  fo r  which no T 
r 
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burn  n i l1  be  produced ( 0 ) .  

From a p rac t i ca l  standpoint.  c o n c e r n  over  r e t lna l  b u r n s  o c c u r s  o n l y  

when t h e r e  i s  a n  impairmeri t  of vision.  

i m p a i r m e n t  of function and m i n i m a l  ophtha lmoscopic-”  

not yet  c l e a r l y  es tab l i shed .  

following sa fe ty  f a c t o r s  have b e e n  introduced:  

However ,  t h y  r r l a c i u n  between 

de tec tab le  l e s ions  i s  

T o  account  fo r  the inherent  unce r t a in t i e s ,  the 

a .  Calculated re:inal e x p o s u r e s ,  Qr(CALC),  a r c  a r b i t r a r i l y  mult ipl ied 

by a f a c t o r  of two in  a n  effor t  to allow for  poss ib le  inadequac ies  

in  weapon da ta  and the method of calculat iQn.  T h u s  Q r =  2Qr(CALC).  

b .  M i n i m a l  b u r n  t h r e s h o l d  d a t a ,  d e t e r m i n e d  from e x p e r i m e n t s  on 

r abb i t s ,  a r e  conver ted  to h u m a n  sub- threshold  va lues  by 

d e c r e a s i n g  the m e a s u r e d  threshold  va lues ,  Q r ( M E A S ) ,  by a 

f a c t o r  of f o u r .  T h u s ,  Q , = Q  (MEAS)/4.  

T 

T T  
r 

B r i e f l y ,  Qr  i s  calculated a s  a function of the d is tance  between the 

o b s e r v e r  and the f i r e b a l l  taking into account weapon c h a r a c t e r i s t i c s ,  a t m o s p h e r i c  

t r a n s m i s s i o n ,  and p r o p e r t i e s  of the eye .  T h e  allowable d is tance  of  n e a r e s t  

a p p r o a c h  ( s a f e  s e p a r a t i o n  d i s t ance )  i s  then  obtained by c o m p a r i n g  v a l u e s  of 

Qr to  va lues  of QT 

o b s e r v e r  and f i reba l l .  

the  e a r t h ’ s  s u r f a c e ,  i s  the dis tance a t  which Qr = Q . 

a l so  ca lcu la ted  a s  a function of the dis tance between 
r ’  

The  s a f e  s e p a r a t i o n  d is tance ,  m e a s u r e d  along 

7 
r 

, .*..-%:,.u .:.,....- .*. 
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Since  Q i s  dependent on the total  m a s s e s  o f  a i r  and \\.ater vapor  in  
r 

the path between detonation and o b s e r v e r ,  s a f e  separa t ion  d i s t a n c e s  v a r y  

\vith both detonat ion altitude and o b s e r v e r  ( f l ight)  alt i tude.  

i l l u s t r a t e s  the m o d e l  used to take t h e s e  g e o m e t r i c a l  f a c t o r s  into account  

in  the r e s u l t s  p r e s e n t e d  in F i g u r e s  13-116. 

F i g u r e  9 

F i g u r e  10 shows a plot of Q and QT vs .  horizontal  range.  The point r r 
T 

of  i n t e r s e c t i o n  of these  c u r v e s  (Q r r 

d i s t a n c e  of a p p r o a c h  fo r  one p a r t i c u l a r  b u r s t  and flight alt i tude combinat i ,  . 

To g e n e r a t e  a n  "envelope" c u r v e  s u c h  a s  shown in F igure  1 1 ,  l a r g e  n u m b e r s  

of Q 

p r o g r a m  and the r e s u l t s  a r e  contained in  . F i g u r e s  13-116. F o r  d i s t a n c e s  ins ide  

the b o u n d a r i e s  defined by these  c u r v e s ,  t h e r e  i s  the possibi l i ty  of eye  in jury  

a s  a result  of r e t ina l  burns .  

is p r e d i c t e d .  

= Q ) def ines  the niinin,um allowable 

and  QT c u r v e s  m u s t  be examined .  T h i s  w a s  done using a c o m p u t e r  
r r 

F o r  d i s t a n c e s  outs ide the boundar ies ,  no in ju ry  

F l a s h b l i n d n e s s  

F l a s h b l i n d n e s s  envelopes a r e  g e n e r a t e d  in much  the s a m e  m a n n e r  a s  

a r e  the r e t i n a l  b u r n  envelopes,  i. e . ,  a ca lcua l ted  exposure ,  E , is  c o m p a r e d  

t o a n a l l o w a b l e  e x p o s u r e ,  E 

e x p o s u r e  is s o m e w h a t  m o r e  compl ica ted  t h a n  i n  the c a s e  for  r e t ina l  b u r n s .  

A b r i e f  d e s c r i p t i o n  of the approach  i s  given h e r e  with a detailed d e s c r i p t i o n  

a p p e a r i n g  in  Appendix B. 

r 
A 
r 

. However ,  i n  t h i s  c a s e ,  the calculat ion of the  

2 3  
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HORIZONTAL RANGE, NAUT. MILES 

F I G U R E  10. T h r e s h o l d  d i s t a n c e  d c t c r m i n a t i o n  
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If the i m a g e  of  the f i r e b a l l  f a l l s  d i r ec t ly  on the fovea and the image  I S  

approximate ly  the s i z e  o l  the macu la  ( o r  l a r g e r ) ,  a significant per iod of  

f l a s h b l i n d n e s s  c a n  r e s u l t - - e v e n  though no b u r n  is produced.  

ca l cu la t ion  of t h e  exposure  i s  accompl ished  exact ly  a s  fo r  r e t i n a l  bu rns  except 

tha t  t he  e x p o s u r e  i s  e s p r e s s e d  in t ro land-seconds .  However .  if 

the  f i r e b a l l  subtends  a n  angle l e s s  than about t h r e e  d e g r e e s  (one mil l ime te r  

image  d i a m e t e r )  i t  is pgsslble t o  "look around" the a f t e r image  using the p a r a -  

fovea a r e a  w h e r e  acuity is  still r e l a t ive ly  high(").  T h u s ,  a v e r y  s m a l l  a f t e r .  

image  in  the macu la  may  be annoying but i t  does  not p r e s e n t  a s ign i f icant  

d e c r e m e n t  i n  v i s u a l  acuity. 

foveal exposure  f r o m  the d i r e c t  ( u n s c a t t e r e d )  r ad ia t ion  only when the image  

o f  the f i r e b a l l  i s  equal  to  o r  g r e a t e r  t h a n  one mi l l i r r i r te r .  

the f i r e b a l l  is  l e s s  than one m i l l i m e t e r ,  i t  i s  a s s u m e d  that t he  l imit ing stiiiiulus 

will be p r e s e n t e d  t o  the fovea by  diffuse rad ia t ion  tha t  r e a c h e s  the re t ina  a f t e r  

being s c a t t e r e d  f r o m  the a i r ,  c louds ,  ground o r  w a t e r ,  and  by the  c l e a r  mcdla  

of t he  e y e  i t s e l f .  

p r i n c i p a l  m u c h  m o r e  complex t h a n  is  the  calculat ion of the d i r e c t  unsca t te red  

r ad ia t ion  tha t  m a k e s  up the image .  

F o r  this  c a s e ,  

Accord ingly ,  r e c o v e r y  t i m e  i s  computed f o r  a 

When the image  of 

// Calculat ion of t h i s  component  of the luminous  ene rgy  i s  i n  ' A  / 
Es t i rna t ion  of t he  s c a t t e r e d  compor  

6 c L A  

o - r  J accompl i shed  th rough  a n  adaptat ion of the method d e s c r i b e d  by '' r 
?A 

E x p o s u r e s  ca lcu la ted  in  t h i s  way a r e  c o m p a r e d  with th r ,  

a spec i f i ed  r e c o v e r y  t i m e )  de t e rmined  i n  l a b o r a t ,  

A s  h e f o r e .  the condition E 

f 0 

= E A  def ines  the  s a  
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Accord ing  t o  t he  p r 5 c e d u r e s  d i s c u s s e d  abgve,  t he  cu rves  p re sen ted  

in  F i g u r e s  13-1  16, d e s c r i b e  d i s t a n c e s  at which v i sua l  acu i ty  will r e t u r n  t o  

i O / 1 2 @  a t  the c e n t e r  of the foi ,ea ,  o r  a t  1-112 d e g r e e s  froi~:: the c e n t e r  of the 

fovea ,  within 10 seconds  under typ ica l  cockpi t  l ighting condi t ions.  F i g u r e  

12 shoLvs a typ ica l  i l a shb l indness  envelope.  

V. MISSION P L A N K I N G  

The  c h a r t s  ( F i g u r e s  13-116)  included i n  th i s  s ec t ion  c a n  be used  to  a s s e s s  

the  r e t i n a l  bu rn  and  f l a shb l indness  h a z a r d  in  planning nuc lea r  s t r i k e  m i s s i o n s .  

It is a s s u m e d  tha t ,  f o r  p!anning p u r p o s e s ,  the fo!lowing a r e  known: 

I )  Weapon yield 

2 )  Detonat ion a l t i tude  

3 )  O b s e r v e r  a l t i tude  

4)  Day or night detonat ion 

With the c h a r t s  and  t h i s  in format ion .  a l lowable s e p a r a t i o n  d i s t a n c e s  o r  

"dange r -zones"  c a n  be  e s t ab l i shed .  

prohib i ted  zone,  bu t  m e r e l y  tha t  a p p r o p r i a t e  sa fe ty  m e a s u r e s  should be  t aken  

to  i n s u r e  a i r c r e w  eye  safe ty  while i n  the zone. 

iarrnat, wi th  a l t i tude  g iven  in thousands of fee t  and ho r i zon ta l  r a n g e  g iven . in  

naut ica l  m i l e s .  

f l a shb l indness  c h a r t s  i n  d e t e r m i n i n g  al lowable sepa ra t ion  d i s t ances .  

to be followed in  using a c h a r t  a r e  ou t l inWbe t6w:  

The t e r m  "danger-zone" does  not m e a n  

E a c h  of the c u r v e s  h a s  the  s a m e  

F i g u r e s  11 and 12 i l l u s t r a t e  the use of t h e  r e t i n a l  burn  and 

The s t e p s  

I. 
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Selec t  the s e t  of "day" or  "night" c u r v e s  f o r  the \veapon yield 

under cons idera t ion .  

a l t i tude a s  noted in the legend.  

the d e s i r e d  b u r s t  a l t i tude.  

E a c h  c u r v e  app l i e s  to a p a r t i c u l a r  b u r s t  

Ident i fy  the c u r v e  which r e p r e s e n t s  

Se lec t  the o b s e r v e r  a l t i tude  on the ord ina te  2nd fol low,  this 

al t i tude hor izonta l ly  to  its i n t e r sec t ion  wi th  the envelope c u r v e ,  

The  a b s c i s s a  of the point of i n t e r s e c t i o n  is then  the al lowable ., 

sepa ra t ion  d is tance .  

o r  the s l an t  r ange  can  be ca lcu la ted  a s  follows: 

Th i s  va lue  c a n  be used  d i r e c t l y  on a m a p ,  

Obs.  Alt. - B u r s t  A l t .  
6. 08 

S lan tRange  (Naut. M i l e s )  = (Horiz.  Range)  

Mihere Hor izonta l  Range is  i n  naut ica l  m i l e s  and  both O b s e r v e r  

Alti tude and B u r s t  Alti tude a r e  in  k i lofee t .  

S a f e  sepa ra t ion  envelopes  have  b e e n  ca lcu la ted  f o r  de tona t ions  du r ing  

dayl ight  (with and without a 270 gold v i s o r  f o r  p ro tec t ion )  and  f o r  night de tona t ions .  

T h e  p ro tec t ion  a f forded  by  the  gold v i s o r  i s  suff ic ient  t o  e l imina te  the h a z a r d  of 

r e t i n a l  b u r n s  for  day e x p o s u r e s  f o r  a l l  of t he  s i t ua t ions  cons ide red ,  t h e r e f o r e ,  

no envelopes  a r e  p r e s e n t e d  f o r  t h i s  combinat ion of  condi t ions.  

It should be  emphas ized  that the "safe  sepa ra t ion"  d i s t a n c e s  p r e s e n t e d  h e r e  

p e r t a i n  only to  r e t ina l  b u r n s  o r  f lashbl indness  and a r e  spec i f i c  to  the  e x p o s u r e  

condi t ions a s s u m e d ,  e .  g.  0 . 2 5  second o r  0 .45  second blink t i m e ,  2 . 5  mm or 
._.__ _.- 9. 
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6 .  5mm Fupil d i a m e t e r .  e tc .  

than an  al lowable r e t ina l  bu rn  d i s t ance ,  the  conclus ion  i s  s imply  tha t  r e t ina l  bu rns  

present  the  l imit ing approach  d i s t ance  i n s o f a r  a s  these  two phenomena a r e  

concerned. I t  m a y  be that in some ins t ance?  the  b l a s t ,  t h e r m a l ,  o r  rad ia t ion  

hazard ex tends  to a g r e a t e r  d i s t ance  than  e i t h e r  the  f lashbl indness  o r  r e t ina l  

burn h a z a r d .  

by r e t ina l  b u r n s  o r  f lashhl indness .  

If an a l l o ~ r ~ a h l e  d i s t ance  f o r  f lashbl lndness  is  l e s s  

In  th i s  cas t ' ,  the a l lowable approac ; ,  d i s t ance  i s  not d e t e r m i n e d  
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1. 1 IS TR OD 2 C Ti 01- 

T k s  Q u a r t c r l y  P r o z r c s s  R e p o r t  is s&r:1iitec? to  d e s c r i b s  

a c ~ i v i t i e s  in co:ir.ection wi th  Con t rac t  A F  1 ! ( 6 0 9 ) - 2 9 0 0  w?,ich 

c a l l s  i o r  the p r e r a r a t i o n  of a Technica l  R e p o r t  cor,crrxir.g the 

e f i ec t s  o i  nuc lear  f l a s h e s  on vision. 

2. WO-XK ACCO-MMTLISHED 

Dcr:ng :his re7oi-t ?er io&,  the following o b j e c t i v e s  have been  

accompl ished:  

1 .  Se1zctic.n of m a t ' r e x a r i c a l  m.odel, ca lcu la t ion  technique, ;Ed 

form,at c h a r t s  io;- r e t ina l  b u r n  c u r v e s .  



;7 s a :~.31 e C a 1 c ul a t  i 01: 

To i l l u s t r a t e  the e n t i r e  technique in gene ra t ing  a typ ica l  r e t i n a l  

burn  envelope,  the following is  a ' s a m p l e  calculation: 

V.,ission: 1 0 0  KT weapon; b u r s t  a l t i tude  = 2 .  7 ki lofeet ,  f l ight  

a l t i tude '=  1 0  ki1ofeet; 'night mi s s ion .  

H = 2 . 7  kft 

A = 10. 0 k f t  

d = 6 . 5  mm 

W = 100KT 

P 

similar ly  
- 1 I2 r I 

IV = D. 244 i 5 3 . 4  T $1 
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2 1 / 2 1  
Qr = 5 . 8  e s p  r -0 .  0 3 8 0 6  [52.  4 t S ) 

which is the re la t ion  used to-p lo t  a Q vs. S c u r v e .  r 

x o w  d .  = dfb 
2 -1:2 

[53.4+5 J 

o r  

T 
F r o m  a plot of Q r  vs .  di i r ' igure  5 )  and  the above relation between 

d, and S ,  i t  is  2oss ib l e  t o  plot 0: v s .  S and d e t e r m i n e  t h e  threshold  

horizont61 r a n g e ,  Srxin, which, for  th i s  p a r t i c u l a r  c a s e  is about 

23 n a u a c a l  m i l e s .  

The ab,,., T rocecure  m u s t  new be r e p e a t e d  again and again to  

ge:.era:e S-.. v s A k i t u d e  c u r v e s  s ~ c h  a s  i n  F i g u r e  8. .... n 
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1 .  LiTEIODUCTION 

T h i s  Q u a r t e r l y  P r o g r e s s  R e p o r t  is submit ted to d e s c r i b e  ac t iv i t ies  

i n  connection with C o n t r a c t  A F  41(609)-2900 which c a l l s  fo r  the 

p r e p a r a t i o n  of a T e c h n i c a l  R e p o r t  concern ing  the e f fec ts  of nuc lear  

f l a s h e s  on vision. 

2. WORK ACCOMPLISHED 

During this  r e p o r t  p e r i o d ,  the following object ives  have  been  

accompl ished:  

1 .  Development of c o m p u t e r  p r o g r a m s  to  ca lcu la te  and  plot  

r e t ina l  b u r n  and o v e r p r e s s u r e  envelopes f o r - v a r i o u s  c o m -  

binations of p a r a m e t e r s .  

2 .  Select ion of a m o d e l  fo r  genera t ion  of f lashbl indness  envelopes 

f r o m  data g e n e r a t e d  by the above r e t ina l  b u r n  p r o g r a m .  

3 .  F o r m a t  d e s i g n  f o r  the  d i f f e ren t  envelopes.  

Ret ina l  Burn  Enyclope T e c h n i q u e s  

The  calculat ions fo r  g e n e r a t i o n  of r e t ina l  b u r n  envelopes have b e e n  

de:ai!ed in  Q u a r t e r l y  P r o g r e s s  R e p o r t  No.  3, and will not b e  

repez ted  he re .  

sha\,vn i;-. A3prn2ix A ,  znd a r e  typical  of  Those propose< f o r  inc!i;sion 

Sarnple c u r v e s  f r o m  the computer  p r o g r a i n  a r e  

- 1 -  



in the handbook. 

O v e r p r e s s u r e  En\-elope Techn iques  

The  r e l a t ionsh ip  used to  compute  o v e r p r e s s u r e  envelopes is &ken 

f r o m  R e f e r e n c e  1, and i s :  

where  

S = Hor izon ta l  r ange ,  k i lofee t  

2 = A t m o s p h e r i c  p r e s s u r e  a t  b u r s t  a l t i tude ,  lb/it 2 

W = yield,  k i lo tons  

2 Sp = m a x i m u m  al lowable o v e r p r e s s u r e ,  l h / i n  

X = b u r s t  a l t i tude ,  k i lofee t  

A = o b s e r v e r  a l t i tude ,  ki lofeet  

Ap 2 1 ,  0 l b / i n 2  for  a c e n t u r y - s e r i e s  a i r c r a f t  flying d i r ec t iy  a t  the 

f i r eba l l ,  and 0 .  20 l b / i n  2 for a t r a n s p o r t  a i r c r a f t  b r o ~ d s i d e  tr, ::-,e 

? 
b las t .  The c u r v e s  sho\vn i n  Appendix B a r e  f o r  @ = 1 . 0  lh/ in- .  

Flz zhb1indr.e 5 s  Enyelope Tss l in iaue  

I n  Q u a r t e r l y  P rogres s  R e p o r t  Nu. 3 ,  two differerit t e c h n i q u e s  i o r  

d ete  ?min i  ng i l  i 5 hbli r.dr..: s 5 t h r  e s:i 016 s we re  d i 5 c s e d  - ar. " i:-:. j g s 

- 2 -  



s i z e  mode l "  and a n  "energy  l eve l  model" .  F u r t h e r  invest igat ion 

of the  p r o b l e m  h a s  shown tha t  e i the r  technique by i t s e l f  would be 

inadequate .  and  a model  h a s  been  developed which will  combine 

the m o r e  r e a s o n a b l e  f e a t u r e s  of both. 

M i l l e r  ( 3 ) ,  a r e t ina l  e x p o s u r e  of 0. 01 ca l /c rn2  will  r e s u l t  in about 

a 5 - s e c o n d  r e c o v e r y  t i m e  fo'r a br ight ly- l ighted t a r g e t  (131 mL). 

I n  addi t ion,  a n  i m a g e  s i z e  of 1. 0 mm on the fovea wil l  r e d u c e  

v i s u a l  acu i ty  to  2 0 / 4 0  - the  m i n i m u m  p e r m i s s i b l e  value f o r  a i r c r e w  

members (4). F r o m  this informat ion ,  it i s  possible  to  envis ion  

two c r i t i c a l  s i tua t ions  which could o c c u r  i n  viewing a f i r eba l l :  

( 1 )  a l a r g e  i m a g e  of f a i r ly  high e x p o s u r e  within the i m a g e  

(di 5 1. Omm, Qr 5 0. 01 c a l / c m  ), and ( 2 )  a s m a l l  i m a g e  of e x t r e m e l y  

high e x p o s u r e  within tke i m a g e  (di << 1. 0 ,  but  Qr >> 0. 01 c a l / c m  ). 

F r o m  the  m o d e l  i l l u s t r a t ed  in F i g u r e  1 ,  the ext;s-image r e t ina l  

expo s u r  e ,  

e x p o s u r e  within the i n a g e ,  i.  e . ,  Q 

c o n s t a n t ,  0 < k < 1 .  0 .  

r e a s o n a b l e ,  but f u r t k e r  s tudy wil l  be r e q u i r e d  to def ine a meaningiu l  

vhlue.  

a s s u m e d  h e r e .  

F r o m  Richey (2 )  and  

2 

2 

f 

is a s s u m e d  to be a d i r e c t  function of Q , the  r e t ina l  QB' r 

= k Q r  w h e r e  k i s  s o m e  
B 

F r o b a b l y ,  a value of k = 0. 1 is not un- 

For the  purpose of i l lus t ra t ion ,  a value of k = 0. 1 is 

T h e  pro?osed  technlqui. i o r  genera t ion  of a i1asl:blindness envelo?e 

- 3 -  



is t o  c o m p a r e  ( for  a p a r t i c u l a r  b u r s t  s i tuat ion)  the hor izonta l  

r a n g e ,  Sd, which c o r r e s p o n d s  to d i =  1. Omm, to the h o r i z o n t a l  

2 f o r  which Qr = 0.  01 c a l / c m  , If S 

s ince  e x p o s u r e s  l e s s  than t h i s  give 

< Sd, the  envelope 
Q 

range ,  Sp, 

a b s c i s s a  is  defined by S 

r e c o v e r y  t i m e s  l e s s  t h a n  5 seconds ,  r e g a r d l e s s  of i m a g e  size. 

However,  if S > S the  s i tuat ion of c a s e  (2 )  above m a y  be 

encountered and t h e  governing c r i t e r ion  would be the  e x t r a - i m a g e  

e x p o s u r e ,  Q T h e  point  a t  which Q = 0. 1 Q = 0 . 0 1  c a l j c m  

then def ines  the a b s c i s s a  f o r  the envelope. 

Q 

Q d’ 

2 
B‘ €3 r 

F o r  a graphica l  i l l u s t r a t i o n  of the  p r o c e s s ,  c o n s i d e r  F i g u r e  2.  

I n  F i g u r e  2 ( a ) ,  one  p r o c e e d s  out along the Qr c u r v e  until the  

2 c u r v e  d r o p s  t o  Qr = 0. 0 1  c a l l c m  . 

of  no consequence for  f l a s h b l i n d n e s s ,  the m i n i m u m  h o r i z o n t a l  

i s  not encountered  range  is  a t  point ( 2 ) ,  S 

until iar:her out along t h e  Q c u r v e .  ) In F i g u r e  2 (b). one 

follows the Q 

for which image  d i a m e t e r  i s  lmm. 

not concerned with i m a g e  s i z e ,  and,  t h e r e f o r e ,  d r o p  to  the  Q = 

0.  1 Q 

0 .  1 Qr = 0.  01  c a l / c m  , which def ines  the m i n i m u m  hor izonta l  r z n g e .  

Since va lues  below th i s  a r e  

(Note that  S Q’ d 

r 

d c u r v e  unt i l  reaching  the hor izonta l  r a n g e  S 
r 

Beyond th i s  point,  we a r e  

B 

= curve  (pt  ( 2 )  to pt ( 3 )  ) and continue to  pt (G) w h e r e  Q 
r B 

2 
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EXTRA’- IMAGE EXPOSURE QB = 0.1 OR 

F I G U R E  1 .  F l a shb l indness  Mode l  
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! 
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I 
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---,.- -- = 2 .  9e t e rmina t :on  of  ?lashblir .d-ess Thresi;old D i s t a n c e s  
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The above technique rvill r e l a t e  f lashbl indness  c r i t e r i a  t o  the  

calculat ions used in the approximat ion  m o d e l  f o r  r e t ina l  b u r n s  

and will thus  provide  a c o m m o n  b a s i s  f o r  genera t ion  of both t y p e s  

of envelopes.  

3 .  F U T U R E  ACTIVITIES 

Effor t  i n  the f ina l  q u a r t e r  of t h i s  p r o j e c t  wil l  b e  devoted to  

genera t ion  of a l l  t y p e s  of c u r v e s  t o  be included i n  the handbook 

as well a s  wri t ing and organiz ing  the handbook p r o p e r  ( s e e  Q u a r t e r l y  

P r o g r e s s  R e p o r t  No. 1 f o r  out l ine) .  
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1. :ST A< 0 3 U C T I O S  

This  Q u a r t e r l y  P r o g r e s s  R e p o r t  i s  submi t ted  to  d e s c r i b e  

ac t iv i t ies  in  connect ion with C o n t r a c t  A F  41(609)-2900 which 

c a l l s  f o r   the p r e p a r a t i o n  of a Technica l  R e p o r t  concerning t h e  

effects  of nuc lear  f1ashe.s on vision. 

2. 1:'ORK ACCOMPLISHED 

During th i s  r e p o r t  p e r i o d ,  the following objec t ives  have been  

accompl i  shed: 

1. Select ion of m a t h e m a t i c a l  model ,  ca lcu la t ion  technique, and  

f o r m a t  c h a r t s  f o r  r e t i n a l  b u r n  c u r v e s .  

2 .  ,MMincal calculat ions for 1. 3, 103,  500 and 1000 KT b u r s t s  a t  

s t \ r e r a l  a l t i tudes to s e r v e  a s  c h e c k s  with e rper imer . ta l ly  

dettr:r . ined b u r n  dkta o b t a i c t d  dor ing  P r o j e c t  Dominic. 

5 .  Generat ion of computer  p r o g r a m s  1 3  ca lcu la te  2nd plot 211 

combinat ions oi p a r a m e t e r s  envi5ione.t f o r  ir.c!csior. in  the  

h a r i b o o k .  



s i rn ih :  t3 b u r n  envelopes .  

5 .  In i t ia l  computer  ca lcu la t ions  of o v e r p r e s s u r e  and  f lashbl indneas  

envelopes f o r  a 100 K T  weapon. 

Ret ina l  Burn  Envelope Technique  

A .  F l a t - E a r t h  M o d c l  - T h c  nicthod c l i o s ~ n  f o r  g c n e r a t l o n  of 

r e t ina l  b u r n  threshold  envelopes  i s  Lased  l a r g e l y  on the 

work  of Richey  (1)  and  Al len  (2) .  

g e n e r a t e d  f o r  u s e  in  the  handbook w i l l  be b a s e d  upon  a 

"curved-ear th! '  model ( w h e r e i n  the c u r v a t u r e  of the  e a r t h ' s  

While the f ina l  d a t a  

s u r f a c e  is  accounted f o r  in c a s e s  w h e r e  it b e c o m e s  s ignif icant) ,  

a "i lat-esrt l- ."  mode l  h a s  been  employed  to  m a k e  p r e l i m i n a r y  

c z l s d a t i o n s  t o  check the se lcc ted  technique a g a i n s t  krLo\vn 

es3er i :nenta l  fac t .  

in  F i g u r e  1. 

f o u r - s i d e d  i i gz re  w h e r e i n  a n  aircrzi,ir ;o r  o b s e r v e r )  i s  a s s c n e l  

to b e  a t  z z  a:ti:;ce -4 abo\re the ear :h 's  sui-:ice whe2 a r.cclezr 

Tkle "ilat-eartkL" r;,odel i s  i l l u s t r a t e 2  

G e o m e t r i c  cons iderz t ions  a r e  b a s e d  upon a s i r .? le  

dctocat ion occ'Lrs a t  a n  iiliitude H. 

;ircrz:t i s  3, a z i  ?z:~zoi:~aL.rai:cc (:>rs;+ction oi 0 an the  

e a r r ? s  s ~ r i a c c )  i s  S. F r o m  e l e m e n t a r y  t r i g o n o m e t r y ,  the 

S!an~ rzT.::e iron-, burs:  t~ 



elevition&e. 8 is  

w h e r e  

B. Thin L e n s  E y e  Mode l  - T h e  mode l  used for  ca lcu la t ion  of 

i m a g e  d i a m e t e r s  produced  on the r e t ina  is shown in F i g u r e  2.  

While this s y s t e m  a s s u m e s  tha t  the eye  b e h a v e s  in  a m a n n e r  

ident ica l  to  the c l a s s i c a l  "thin lens" ,  i .  e .  , 

. 

o r  

w h e r e  

d .  = image diLrnneter, mm 

F = f o c a l  l ? z g ~ h  c,i e y e  ( 1 7   IT.^ { o r  h u m a n  e y e )  

dfb = f i r e b a l l  diameter, mrx 

D = s l an t  r a n g z ,  m.m, 

1 

3 



i t  h a s  been  d e m o n s t r a t e d  tha t  t h i s  s implif icat ion p r o v i d e s  

adequate  a c c u r a c y  fo r  ca lcu la t ion  oi b u r n  threshold  d i s t a n c e s .  

C. Calcu la ted  Ret ina l  E x ? o s u r e  - T h e  equation 

t o  ca lcu la te  r e t i n a l  e x p o s u r e  of the eye veiwing a f i r e b a l l  is  

w h e r e  

a = 0. 7 9  = F r a c t i o n  of the t h e r m a l  energy  r a d i a t e d  

p = 113 = 

k =  

1%' = 

'I' = @ . 8  = 
e 

which is loca ted  i n  the s p e c t r a l  r e g i o n  

e f f ec t ive  in  producing r e t ina l  damage  

(3501npcE 

black-body r a d i a t o r )  

1 5 0 0 ~  assuming a 5800 OK 

LFrzction of t o t a l  weapon yield conver ted  t o  

t h e r m a l  e n e r g y  ( loa -a i t i t ude  de tona t ions)  

F r a c t i o n  of therLm.zl energy r e l e a s e d  d u r i n g  

ti:xe t 

Yi51d O i  the wezpon in  kilot3TrS 

A v e r a g e  t ranslr . iss ion of c lea r  media  Of the  

eye  (as surned 5803' b!;ck-boty s?ectr ,..:-:.\ 

4 



T = A v e r a g e  t r a n s m i s s i o n  of the a tmosphe re  a 

T = A v e r a g e  t r a n s m i s s i o n  of any m a t e r i a l  between 
X 

the eye  and the detonat ion (i. e . ,  a i r c r a f t  

canopy,  sun g l a s s e s ,  f i l t e r s )  

f = F  = 

? 

Ra t io  of t h e  e f fec t ive  foca l  length of the eye-  

l ens  s y s t e m  to  the d i a m e t e r  of the pupil  

d 

dib = A v e r a g e  f i r e b a l l  d i a m e t e r  i n  c e n t i m e t e r s  

dur ing  e x p o s u r e  t i m e  t 

D. Calc,:lated TircbL!: X a d i c s  

F i g u r e  3 shows t h e - r e l a t i o n  be tween  s c a l e d  f i r eba l l  r ad ius  

t 
and  s c a l e d  t i m e  t S  = A where  ‘ib r ( 5 )  = 

r 5,; a z) ‘max 1% 

f i r eba l l  r z e i u s ,  f e e t  ‘fo = 

2 1 5  
riS(tnlss) = i Z 3 W  , fee: ( 3 )  

t = b1ir.X rei ;ex t i m e ,  s econds  B 

= 0. 0 3 2  V:112, s econds  t m a x  

. 
3 



W = weapon y ie ld ,  k.ilotons 

Choosing t - 0. 25 s e c  and W = 100 Kt:  B -  

(t ) = 1 8 0  = 1130 f ee t  rfi m a x  

= (0. 0 3 2 )  = 0. 3 2  sec  t m a x  

0. 25 
0.  32  

t, = (- j = 0 . 7 8  

From Figure 3 a t  t = 0. 78, rfb(s) = 0. 95. 
S 

r 

1130 
So that  0. 95 =. 

rm = (1130) ( 0 . 9 5 )  = 1072 feet  

The  f i r e b a l l  d i a m e t e r  f o r  a 100 Kt yield i s  then 

d = 2 r  = 2144 feet  ro YO 

5. Calcc ia ted  ‘Therp.al E n e r T y  F r a c t i o n  

The  t e rm “X” ic the  above e s p r e s s i o n  :or r e t ina l  exposure i s  

z tir;le-de-.,er.dent quzntity which mcs:  Se s i :c i ia ;ed  fo r  each 

se lec ted  y i z l d .  -4 genera l ized  ::hernial pu lse  curx’e i t s  s? .~ \ \n  

in F i g u r e  4 i s  used  t o  d e t e r m i n e  the  i r a c r i o n  of t h e r m a l  

b 



e n e r g y  r e l e a s e d  i n  a t i m e ,  t ,  a s  follows: 

tW- ' ' 2  = 0. 025 fo r  t = 0 . 2 5  s e c  and W = 1 0 0  KT 
B 

So tha t  f r o m  F i g u r e  4, k = 0 .  14. 

S e v e r a l  techniques b a s e d  upon power,  energy ,  and t e m p e r a t u r e  

c h a r a c t e r i s t i c s  of nuc lear  weapons i n  the wide s p e c t r u m  of 

lo - '  to 10  KT yield a r e  p r e s e n t l y  being inves t iga ted  and 

c o m p a r e d  i n  o r d e r  to s e l e c t  the  m o s t  r e a l i s t i c  m e t h o d  for 

d e t e r m i n i n g  a p p r o p r i a t e  va lues  of t h i s  p a r a m e t e r  f o r  e a c h  

weapon. 

5 

. 

F. A t m o s o h e r i c  Attenuation 

IC would be highly u- rea ls i t ic  to  a s s u m e  a s o - c a l l e d  "average"  

at:nos;jheric trcns:i i ission, T - ,  and assui::e tha t  th i s  v a l s e  

holds  for  a wide range of flight and b u r s t  a l t i tudes.  

E x p r e s s i o n s  ha\-? been d e r i v e d  \r.:-iich approximate  T 

a t m o s p h e r i c  s i tca t ions ,  i. e . ,  the  m o i s t u r e  cnd a i r  mass  

c h a r a c t e r i s t i c s  of the a t m o s p h e r e  a i ~ c g  iiny s lan t  r a n z e  

?ath f r o m  firebz!! to eyebal l :  

L 

for given a 

7 



eff 
kA = effect ive n a r r o w - b e a m  a t tenuat ion  coeff ic ient  f o r  air 

2 = 6 . 2 1 6  x (cm /gm) 

eff 
kW 

= effective n a r r o w - b e a m  s c a t t e r i n g  coefficient f o r  

a i r b o r n e  m o i s t u r e  

= 2 .409  x 10 ( c n i  / g m )  
- 2  2 

qA = a i r  l z p s e  r a t e  

= 0. Q41 (x i lofoot - ' )  

= 1 . 5 4  x 10 - b  (ern-') 

= s e a  l eve l  a i r  densi ty  
'A 0 

. 



= s e a  l eve l  m o i s t u r e  content  pwo 
= 2 . 2  x IO-’ ( g m / c m  3 ) (ocean)  

G .  T h r e s h o l d  R e t i n a l  E x p o s u r e  

T h e  value of @ 

m i n i m a l  r e t i n a l  b u r n s  on the h u m a n  r e t i n a  under  a given s e t  

of c i r c u m s t a n c e s  is  designated Q 

e x p o s u r e .  

b a s e d  upon c u r r e n t  e x p e r i m e n t a l  d a t a  obtained by producing  

ac tua l  b u r n s  on r abb i t  r e t inas .  

t i m e  for s e v e r a l  i m a g e  d i a m e t e r s  is shown in F i g u r e  5. 

E x p e r i e n c e  t e l l s  u s  t ha t  a r e a s o n a b l e  and conserva t ive  b l i n k t i m e  for  the 

h u m a n  eye  i s  250 in sec .  T h e r e c o r e ,  t h i s  value w a s  c h o s e n  

and will  b e  used throughout the p r o g r a m  a s  typical  of a v e r a g e  

human  eye  r e s p o n s e  r e g a r d l e s s  oi the s t imulant  s o u r c e  and 

envi ronment  (yield,  day,  night,  e t c .  ) .  If the f a m i l y  of c u r v e s  

shown in F i g u r e  5 i s  sect ioned a t  230  m s e c ,  a plot  of @: a s  a 

fcnct ion of i rnaze  d i a m e t e r  (which is in  t u r n  a function of 

f i r e b a l l  p ros i r c i ty )  c a n  be obtained. F i g u r e  o I S  s u c h  a c c r v e .  

Thus a rel&ti@?.s;-.:> betweer. Qi anc D (or S )  CI:. he genera ted .  

F r o m  c a l c u l s t i c  Q r  v s .  5 and Q 

F i g u r e  7 ,  a s imul taneous  non- t r iv ia l  n u m e r i c a l  solut ion 

(above)  which c a n  b e  expec ted  to  p r o d u c e  r 

- the  t h r e s h o l d  r e t i n a l  r 

The technique used to obtain t h e s e  va lues  is 

A plo t  of eT vs .  e x p o s u r e  r 

- 
T 

v s .  S c u r v e s  a s  shown in 

9 



oi the two (Q 

horizontal  r a n g e ,  Smin, which would r e s u l t  in  m i n i m a l  

r e t ina l  b u r n s .  

f a m i l i e s  of such  c u r v e s  f r o m  which wil l  b e  plot ted f ina l  

envelope-type c u r v e s  of Smin v s .  a l t i tude f o r  a given  m i s s i o n .  

A typical  c u r v e  is  shown  in F i g u r e  8. From s u c h  f i g u r e s ,  

m i s s i o n  p l a n n e r s  can quickly se l ec t  (1)  weapon, (2 )  fus ing  

(bu r s t  a l t i tude) ,  ( 3 )  day or night f l ight ,  and d e t e r m i n e  s a f e  

o b s e r v e r  (fl ight)  p r o x i m i t y  to t h e  b u r s t  in  t e r m s  of h o r i z o n t a l  

range  and a i r c r a f t  a l t i tude .  

= Q T )  will  def ine  the m i n i m u m  
r 

T h e  c o m p u t e r  p r o g r a m  will  g e n e r a t e  (numer ica l ly)  

P a r a m e t e r  Ranges  

T o  e n c o m p a s s  a l l  an t ic ipa ted  U S A F  n u c l e a r  m i s s i o n  s i tua t ions  

where in  an a i r c r e w  .might b e  exposed  to  the h a z a r d s  of r e t i n a l  j u r n ,  

f lashbl indness  and c r i t i c a l  o v r r p r e  s s u r e ,  the p a r a m e t e r s  

a s s o c i a t e d  with the 63ove m o d e l  will  b e  v a r i e d  over  r a n g e s  1is:ed 

i n  Table  1 ,  S a t u r a l i y ,  c e r t a i n  combina t ions  o i  yield and  b u r s t  

z.&' ..itude a r e  incompaTible and \vi11 b e  e l imina ted  i r o m  cons iderzr ion  

s o  that  ;t.e c u r v e s  z c ~ ~ a l l y  included in  the handbook will repressnt 

07.1~ reasonabi2 miss ior ,  c o n i i s u r h t i o n s .  Close coor6,;nation \v::h 

S A C ,  TAC, ADC, and oti:er U S A F  a g e n c i e s  will be main ta ined  in  

s e 1 e c t ir. g p r  a c t i  c a 1 c o mb i n a ti on s . 

10  



E s a mple  C a 1 c u l  a t i o i i  

To i l l u s t r a t e  t he  e n t i r e  technique  in gene ra t ing  a typical  r e t i n a l  

b u r n  envelope,  the following is a s a m p l e  ca lcu la t ion :  

M i s s i o n :  

a l t i t ude '=  10 k i lofee t ;  night  m i s s i o n .  

1 0 0  KT weapon;  burs t  a l t i tude  = 2. 7 ki lofeet ,  flight 

H = 2 . 7  kft 

A = 10.  0 kf t  

d = 6 . 5  mm 

W = 100KT 

P 

e x p  L-0. 041 x 2 .  7J J 
-, -I I c 21 1'2 M = 3 3 . 2  5 3 . 4  i S 

s i m i l a r l y  
r- - l!2 

Mi = 0.249 i 5 3 . 4  t S2l  
so that  

T 
1 - 

1 / 2 J  = expi-0.  00716  ( 5 3 . 4  i S - )  
a 

11 



which is t h e  re la t ion  used to-p lo t  a Q vs .  S curve .  . 
r . .  

Now d .  = dfb 
J53.4 + s 2 ;1/2 
L J 

o r  

T F r o m  a p lo t  of Q r  v s .  di  ( F i g u r e  5 )  and the above r e l a t ion  between 

di and  S, i t  i s  poss ib le  to  plot-0;  VS.  S and d e t e r m i n e  the  threshold  

h o r i z o n t a l  r a n g e ,  S m i n ,  which, fo r  th i s  p a r t i c u l a r  c a s e  is  about 

23  naut ica l  m i l e s .  

The  above p r o c e d u r e  m u s t  now b e  r e p e a t e d  again and aga in  to  

g e n e r a t e  S vsAl t i tude  c u r v e s  s u c h  a s  i n  F i g u r e  3 .  m i n  

C o r r e l a t i o n  w:th F ie ld  Data 

T a b l e  2 c o m p a r e s  va lues  o i  ni inimuin calcuiated threshold  b:.rz 

d i s t a n c e s  f o r  rabbi t  r e t i n a s  a t  night with exper imenta l  t h r e s h a l d  

da ta  under  the s a m e  co.nditions of b u r s t  and flight a l t i tude and 



yield.  A s  is evident ,  t h e r e  is  reasonably  good a g r e e m e n t  between 

ca lcu la ted  and m e a s u r e d  d a t a ,  indicat ing that the m o d e l  d e s c r i b e d  

above s e r v e s  a s  a r e a s o n a b l e  approximation of ac tua l  conditions 

to  b e  expected on n u c l e a r  m i s s i o n s - - a t  l ea s t  for the s i tua t ion  considered.  

Ret ina l  Burn  C o m p u t e r  P r o g r a m  

A p r o g r a m  h a s  been  w r i t t e n  to  compute re t ina l  burn  exc lus ion  

envelopes .  

de tona t ions  (probably on the  o r d e r  of 2 0 , 0 0 0  fee t  b u r s t  a l t i tude)  

and o b s e r v e r  a l t i tudes  f r o m  sea leve l  to 1 0 0 , 0 0 0  f ee t .  T h e  

p r o p e r t i e s  of the a t m o s p h e r e  w e r e  obtained f r o m  the  ARDC 

Standard  A t m o s p h e r e  1959. 

T h i s  p r o g r a m  i s  p r e s e n t l y  l imi ted  to  low a l t i tude  

The f i r e b a l l  r a d i u s ,  f r a c t i o n  of y ie ld ,  a t m o s p h e r i c  t rans :n iss ion  

and al lowable energy  a r e  contained a s  subrout ines  and t h e r e f o r e  

m a y  b e  changed with a m i n i m u m  of programming.  

The  p r e l i m i n a r y  p r o g r a m  i s  l i s t ed  in the Appendix. 

F lashbl indness  ZnvelG2e Techniques  

A .  Imaqe  S ize  L.iociel 

A thorough study of tk.e i l ashbl inaness  problem h a s  been 

, conducted to  g a t h e r  da ta  on how b e s t  to develop the  m i s s i o n  

1 3  



planning model .  

p o s e s  m o r e  p r o b l e m s  than  t h e  r e t i n a l  b u r n  por t ion  b e c a u s e  

of the m a n y  d i f f e ren t  a p p r o a c h e s  p o s s i b l e  in the solut ion 

of the problem.  

T h e  f l a s h b l i n d n e s s  port ion of the r e p o r t  

Richey  (1) e x a m i n e s  the  p r o b l e m  f r o m  two different  points  

of view. 

should not be s ignif icant ly  a f fec ted  by f lashbl indness  when the 

a f t e r i m a g e  h a s  a d i a m e t e r  of less t h a n  0. 9 mm. 

He s t a t e s  t ha t  a p i lo t ' s  ab i l i ty  to  r e a d  h i s  i n s t r u m e n t s  

A f t e r  s a m p l e  ca lcu la t ions  using the  equat ion f o r  i m a g e  d i a m e t e r ,  

D. = , i t  b e c a m e  a p p a r e n t  that  for  low i n t e r m e d i a t e '  

y ie ld  weapons,  the d i s t a n c e  f r o m  the f i r eba l l  which g ives  a 

D . .  = 0. 9 mm is, wel l  within the l imi t  a t  which c h o r i o r e t i n a l  

b u r n s  w i l l  o c c u r .  

1 

1c 

F i g u r e  9 sho\<rs a plot of d .  vs D f o r  one 
1 

p a r t i c u l a r  m i s s i o n .  T h e  f lashbl indness  envelope would be 

g e n e r a t e d  by finding the i n t e r s e c t i o n  of the 0 .  90 mm c u r v e  

with individual Q r  c u r v e s  in  a m a n n e r  s i m i l a r  t o  that  d e s c r i b e d  

fo r  F i g u r e  7 .  
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B. E n e r g y  Level  \lode1 

Another  approach  i s  to  s e l e c t  a f ixed r e t ina l  e x p o s u r e  of the 

.2 o r d e r  of 0 .01 c a l / c m  . 

of the e x p o s u r e  r e q u i r e d  t o  produce  a 5-second r e c o v e r y  t i m e  

f o r  a br ight ly  l ighted t a r g e t  (131 mL). If t a rge t  luminance  is 

r e d u c e d ,  then  the r e t ina l  e x p o s u r e  f o r  any se lec ted  r e c o v e r y  

t i m e  mus t  b e  reduced  cor respondingly .  ( 1 , 4 )  F i g u r e  10 is  

a plot  s i m i l a r  to  F i g u r e s  7 and 9 with a cons tan t  hor izonta l  

l i ne  r e p r e s e n t i n g  0.  01 c a l / c m  . T h e  i n t e r s e c t i o n  of th i s  Q 

l i ne  with individual Q 

g e n e r a t e s  another  type of ' f lashbl indness  envelope. 

a t  the  d i s t a n c e s  involved, i m a g e  d i a m e t e r  would b e  m u c h  

l e s s  than 0.  9 mm and the pilot would be able to r e a d  h i s  

i n s t r u m e n r s  wizhout m u c h  difficulty.  

T h i s  value is  chosen a s  r e p r e s e n t a t i v e  

' 

2 .T 
r 

c u r v e s  f o r  v a r i o u s  f l ight  a l t i tudes  r 

However ,  

If s ca t t e r ing  and re f lec t ion  a r e  t a k e n  into account ,  the e n t i r e  

f ie ld  of v i s ion  would be exposed to a f lash  of l ight which would 

caEse  f lashbl icdness  o i  a sho r t  durat ion.  However ,  the  e n e r g y  

f r c m  ref lec t ion  and sca t te r ing  would not b e  g r e z t e r  than 0 .  0 1  

cal /crr .  

r e f l ec t ive  surface' .  

2 unless  z focusing efiecr could b e  achieved by a highly 
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A p r o b l e m  a r i s e s  f r o m  the fac t  that  fo r  c e r t a i n  y ie lds  and 

b u r s t  heights ,  the r a n g e s  a t  which the . 01 c a l / c m  

reached ,  a r e  i n  the vicinit; of 300N.  M. It i s  p o s s i b l e  tha t  a 

logical  dec is ion  wil l  have  t o  b e  m a d e  with r e g a r d  t o  r a n g e  and  

2 l eve l  is 

rad ian t  exposure .  A t  t h e s e  r a n g e s ,  the i m a g e  s i z e  is 

approximate ly  . 03  mm which would not involve any  p r o b l e m s  

with a f t e r i m a g e s .  

be t o  find s o m e  point a t  which the re f lec ted  and s c a t t e r e d  

2 l ight produces  a r a d i a n t  exposure  of 0 . 0 1  c a l / c m  . T h i s  

point would have  to b e  outs ide the r e t i n a l  b u r n  envelope and  

the i m a g e  d i a m e t e r  m u s t  b e  0. 9 mm or l e s s  in s i ze .  If the  

i m a g e  s i ze  i s  0. 9 mm o r  l e s s ,  we c a n  i g n o r e  the  r a d i a n t  

exposure  due to  t h e  i m a g e  i tself  and concent ra te  on the 

rad ian t  exposure  due t o  re f lec t ions  and sca t t e r ing  which would 

e s p o s e  e s sen t i a l ly  the e n t i r e  re t ina .  

T h e  idea l  solution to  the p r o b l e m  would 

C. F u t u r e  Act ivi t ies  

E f f o r t  during the next  r e p o r t  per iod wil l  b e  devoted to :  

Development of a m o r e  a c c u r a t e  method fo r  ca lcu la t ion  of 

the t e r m  "k" ( p e r c e n t  t h e r m a l  radiat ion given off i n  bl ink 

, t i m e ,  t ) both with r e s p e c t  to individual weapon c h a r a c t e r i s t i c s  
B 

2nd pulse  v a r i a t i o n  with al t i tude.  

16 



G e n e r a t i o n  of a m o d e l  f o r  ca lcu la t ing  f i r e b a l l  d i a m e t e r  

which c o r r e i a t e s  m o r e  c l o s e l y  with e x p e r i m e n t a l  data .  

F ina l iza t ion  of b u r n ,  f lashbl indness ,  and  o v e r p r e s s u r e  

envelope f o r m a t .  

Coordinat ion w i t h  a p p r o p r i a t e  USAF a g e n c i e s  to  d e t e r m i n e  

r e p r e s e n t a t i v e  combinat ions of y ie ld  and b u r s t  a l t i tude.  

D e t e r m i n a t i o n  and inclusion of meaningfu l  safety f a c t o r s  

fo r  both Qr and Q r .  
T 

In addition, a m a j o r  port ion of t h e  f i r s t  d r a f t  of the  tex t  for  

the  handbook will  b e  wr i t ten ,  including d i r e c t i o n s  for  u s e  

of the  envelopes,  der iva t ion  of the envelopes ,  and detai led 

i n  5 t r u c ti o n s for  int  e r polar i o n be t  we e n  e nve lope s . 

17 
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TABLE 1 

P a r a m e t e r  R a n g e s  for  B u r n  and Flashbl indness  Envelope Genera t ion  

P a r a m e t e r  

a 

P 

k 

w 

T e  

X 
T 

f 

H 

A 

R a n s e  

0 . 7 9  (constant)  

0 .  3 3  t o  0. 67 (al t i tude-dependent)  

0 .001 t o  0 .  60 (yield-dependent) 

10-2 to l o4  KT 

0.  80 (cons tan t )  

1 .  00  (constant)  

2 .  68 (night) ;  6. 8 (day)  

5 
0 t o  1 x 10  f e e t  

5 
0 t o  1 x 10  f e e t  



T.4BLE 2 

C o m p a r i s o n  of Calcu la ted  Thresho ld  Di s t ances  and M e a s u r e d  Di s t ances  

a t  which Re t ina l  S u r n s  O c c u r r e d  fcr R a b b i t s  a t  ,Night 

Yie ld ,  KT 

3 

100 

5 00 

1000 

Hor i zon ta l  Range, Srnin, Naut.  M i  

Calcu la ted  M e a s u r e d  

18 20 

20 20 -- 

36 35  

42 45 



APPENDIX 

Eye Safe Program 



P = P / 1 0 3 3 . 2  -. .... B 
D=D/1 .225€-3  s 
RETURN B 
END S 
SUBROUT __ I NE 
I F ( H 8 )  E (0.011HB=l.O S 
I F ( A B S F ( l . - A / H B I I  LTE ( .001)  ,AM=.037338*HR*DHB'WM=DN0*30.48*tiR* 

TRANS_( .- 4 ,H_BrHR,PHB vDHB 9AK ,WK, DWO ,WL , T 1 5 _- 

EXPF(-WL*H9*@.001 l 'GO TO 10 $ 



... 



A=HB S DETERMINE A L T ~ I T U D E  OF ROTTOM ... - 
~ ~ ~ T ~ = 1 0 0 0 0 .  S 
D E L T A  = DE LT_A/.LO...-$ _. 5P 

6 0  A=A-DELTA B 
~~ I F I A )  L T E  l O . ~ ~ , A M I N = O . O ‘ G O ~ T O  80  S ARE -~ wE.-AL-SEA_LEVEL ~~~ 

~ ~~~ 

D I M l = F L * D F B / ( H B - A :  (6 

PA=lO.**l~.l8”EXPF~-2.l4*LOGlOF~l.O8*DIMll~-O.O5l $ 
~ ~~~ ~ I F L D I M l )  GT ( F L ) t D I M l = F L  B ~ 

A.=_HB $~ DETERMINE A L T I T U D E  OF TOP 
D E L T A = ~ O O O O O ,  $ 

- ORAT= lF~Qb-*QA> / I FQRxQQE-CL S 
1F~cA-f  E l 1 0 0 0 0 0 ~ ) t G O  TO 110 5 CHECK MODEL L I M I T  
I F I A B S F ( l . - Q R A T ) )  ~ L_TE ( . 0 0 1 ) , G O  TO 110 S HAVE WE CONVERGED 
I F T Q R A T J  LT 1 1 . 0 1 t G O  TO 100 S ARE WE INSIDE 
I_F_IPELTA-)-LTE ( 1 . O ) s C O  TO 110 S ARE WE W I T H I N  1 FT 
A=A-DELTA S 
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I. INTRODUCTION 

T h i s  Q u a r t e r l y  P r o g r e s s  R e p o r t  is submi t ted  t o  d e s c r i b e  ac t iv i t ies  

in connect ion with C o n t r a c t  Number A F  41 ( 6 0 9 ) - 2 9 0 0  which c a l l s  

f o r  the p r e p a r a t i o n  of a Technica l  R e p o r t  c o n c e r n i n g  the e f f ec t s  of 

nuc lear  f l a shes  on vision. 

II. WORK ACCOMPLISHED 

R e t i n a l  Burn  Separa t ion  Dis tances  

A. B u r n  C r i t e r i a  

At the p r e s e n t  t i m e  two methods  a r e  a v a i l a b l e  fo r  predict ing 

the o c c u r r e n c e  of r e t ina l  b u r n s .  One  me thod  r e l i e s  on the u s e  

of th reshold  i r r a d i a n c e  va lues  d e t e r m i n e d  f r o m  l a b o r a t o r y  

e x p e r i m e n t s  using r abb i t s ,  and t t e  o t h e r  method involves  

v a r i o u s  analyt ic  p r o c e d u r e s  fo r  coniputing t e m p e r a t u r e  p ro f i l e s  

i n  the r e t ina  and ad jacent  s t r u c t u r e s .  However ,  a t t e m p t s  to 

c o r r e l a t e  t e m p e r a t u r e  r i s e  with e s p e r i i n e n t a i l y  produced b u r n s  

have not yet  produced sa t i s fac tory  t e m p e r a t u r e  c r i t e r i a .  

T h e r c i o r e ,  t h i s  technique h a s  been  e l i m i n a t e d ,  a t  l e z s i  

t e m p o r i r i l y ,  a s  a method for predict:ng the o c c u r r e n c e  of 

r e t ina l  bu rns  fo r  use in  the subject  T e c h n i c a l  Re?ort .  

Of the s e v e r a l  s o u r c e s  of e x p e r i m e n t a l  r e t i n a l  burn  da ta ,  ~i 

was cec ided  to t i se  thc rabbi t  burr,  d a t a  o.ztalnc-d 2 ~ .  -4:- CG:-.:rzct 
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N u m b e r  A F  41(609)-2906. T h e s e  p a r t i c u l a r  da ta  a r e  being 

used  because  the r ange  of v a r i a b l e s  is  r e l a t ive ly  l a r g e  and 

a l l  da t a  have been co l lec ted  i n  one cont inuous e f fo r t  r a t h e r  

than  i n  s e v e r a l  s e p a r a t e  e x p e r i m e n t s .  F u r t h e r ,  t he  expe r imen ta l  

t e a m  tha t  obtained these  da ta  is  r e a d i l y  ava i lab le  f o r  consultation. 

B. Source  

T h e  se lec t ion  of a s o u r c e  t e r m  f o r  use in  de t e rmin ing  r e t ina l  

b u r n  d i s t ances  must provide  fo r  a wide r ange  of weapon y ie lds  

and detonation al t i tudes.  

the  r e l a t ive ly  s m a l l  t a c t i c a l  weapons  to  the  l a r g e  s t r a t e g i c  

d e v i c e s - - a d  the a l t i tudes  of i n t e r e s t  r ange  f r o m  s e a  l eve l  to  

above the e a r t h ' s  a t m o s p h e r e .  

T h e  y ie lds  of i n t e r e s t  r a n g e  f rom 

F o r  th i s  wide r ange  of i n t e r e s t s ,  t h e r e  is no s ingle  b e s t  sauce 

model .  

l i m i t e d  i n t e r e s t s  and a r e  qui te  adequate  f o r  the p u r p o s e s  fo r  

which designed.  However ,  when these  mode l s  a r e  ex t rapola ted  

t o  o the r  regi0r.s and f o r  o the r  p u r p o s e s ,  they o f t en  become  

unsa t i s i ac to ry .  

s o u r c e  a s  outlined in the "Effec ts  of Nuclear  \Yeapons-1962". 

While t h i s  sou rce  m a y  not  p roduce  the  b e s t  p red ic t ion  for a 

M o s t  sou rce  mode l s  have b e e n  designed f o r  r a t h e r  

T h e r e f o r e ,  i t  h a s  been  decided t o  use the  
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p a r t i c u l a r  r eg ion ,  t h i s  method i s  gene ra l ly  accep ted  a s  being 

one of the b e t t e r  g e n e r a l  sou rce  t e r m s  f o r  u se  within the  

a t m o s p h e r e .  

F o r  detonat ions ou t s ide  the a t m o s p h e r e ,  t h e  m o d e l  developed 

by the  S tanford  R e s e a r c h  Ins t i tu te  f o r  t he  Office of Civ i l  

Defense s e e m s  to  o f f e r  the b e s t  poss ib i l i t y - - a t  p r e s e n t .  

r eg ion  be tween r e l a t i v e l y  low al t i tude de tona t ions  a n d  the e x t r a  

a t m o s p h e r i c  de tona t ions  wil l  be  r e s o l v e d  by in te rpola t ion .  

The 

. 

T h e s e  m o d e l s  d e t e r m i n e  the s i ze  and  r ad ia t ion  c h a r a c t e r i s t i c s  

of the rad ia t ing  s o u r c e  a s  funct ions of t i m e  f o r  weapons  with 

y ie lds  in  the  r e g i o n  of i n t e r e s t .  T h e  e x p o s u r e  t i m e  to  be  

used f o r  eva lua t ion  of t he  h a z a r d  to  the e y e s  of a i r  c r e w s  

wil l  be twice  the t i m e  to  second t h e r m a l  m a x i m u m  o r  a blink 

r e f l ex  time of 150 m i l l i s e c o n d s ,  whichever  i s  s h o r t e r .  The 

150 mi l l i second b l ink  t i m e  m a y  be  lengthened s l ight ly  i f  i t  

is found tha t  the r a t e s  of change of sou rce  c h a r a c t e r i s t i c s  

with r e s p e c t  to t i m e  a r e  s ignif icant ly  l a r g e  a t  150 mil l i s econds .  

T h i s  change is  not zn t i c ipa r rd ,  but will be in t roduced  if n e c e s s a r y  

t o  i n s u r e  tha t  the o v e r a l l  c o n s e r v a t i s m  of the p r o c e d u r e  i s  not 

c o m p r o m i s e d .  
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C . A t  m o s phe r i c T r a n s  m i s s i  on 

T h e  s o u r c e  c h a r a c t e r i s t i c s ,  as  s e l e c t e d  f o r  th i s  e f fo r t ,  a r e  

not sa f f ic ien t ly  we l l  def ined  t o  j u s t i f y  use  of the de ta i led  

s p e c t r a l  t r a n s m i s s i o n  p r o p e r t i e s  of the a tmosphere .  

a n  a v e r a g e  ex t inc t ion  coef f ic ien t  o r  a t tenuat ion f ac to r  wil l  be  

used  in  de t e rmin ing  the  a t m o s p h e r i c  t r ansmiss ion .  Op t i ca l  

dens i ty  will be d e t e r m i n e d  us ing  a c u r v e d  e a r t h  a t m o s p h e r i c  

model .  

f i l e  a t  the School  of A e r o s p a c e  Medic ine .  

approx ima t ion  wi l l  be used  as  a m a t t e r  of convenience f o r  

t h o s e  condi t ions w h e r e  t h e r e  i s  n o  s igni f icant  deviat ion f r o m  

the cu rved  e a r t h  mode l .  

In s t ead ,  

T h i s  c u r v e d  e a r t h  a t m o s p h e r i c  model  is p r e s e n t l y  on 

However,  a f l a t  e a r t h  

D. G e n e r a l  P r o c e d u r e  

With the above c r i t e r i a ,  the b a s i c  p r o c e d u r e  se lec ted  f o r  

pred ic t ing  r e t i n a l  b u r n s  w a s  thaz out l ined i n  "Predic t ion  of 

E y e  Safe SeFara t ion  Di s t ances"  S y  E. 0. Richey- -p repa red  

f o r  p re sen ta t ion  a t  the ACARD S y m p o s i u m  on "Loss of Vision 

f r o m  High Intensi ty  Light" .  

16-17  M a r c h  1966. 

NATO Building, P a r i s ,  F r a - c e ,  

T h i s  p r o c e d u r e  is  out l ined below: 
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The r a d i a n t  e x p o s u r e  to  the r e t i n a ,  Qr ,  is given by the 

e x p r e s s i o n  

w h e r e  

f,(W, Hb, t) is  a s o u r c e  t e r m  dependent on the  yield,  heighth 

of b u r s t ,  and e x p o s u r e  t i m e .  

Te  i s  the  a v e r a g e  t r a n s m i s s i o n  of the c l e a r  m e d i a  of 

the eye .  

Ta is the t r a n s m i s s i o n  of the a t m o s p h e r e  

Tx is the  t r a n s m i s s i o n  of opt ional  equipment  s u c h  a s  

v i s o r s ,  s u n g l a s s e s ,  e t c .  

f is the  r a t io  of foca l  length  to  pupil  d i a m e t e r  

Dib is the d i a m e t e r  of the f i reba l l .  

E x p o s u r e s  calculated using th i s  equat ion c a n  then be compared  

t o  t h e  a p p r o p r i a t e  th reshold  data  obtained i n  the l a b o r a t o r y  t o  

d e t e r m i n e  the d is tance  at which the product ion of r e t ina l  da:rLage 

could b e  expected.  
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. .  

Init ially,  d i s t a n c e s  w i l l  be  computed a s s u m i n g  Tx is equal  

t o  1. 0 ( that  is no a t t enua t ion  due t o  canopy,  v i s o r s ,  e tc .  ). 

T h i s  a s s u m p t i o n  r e d u c e s  by one the n u m b e r  of v a r i a b l e s  t o  

b e  cons ide red  in  t h e  R e p o r t  and i n t r o d u c e s  a d e g r e e  of 

c o n s e r v a t i s m .  

III. WORK ANTICIPATED 

During the next  r e p o r t i n g  pe r iod ,  i t  i s  an t ic ipa ted  tha t  the r e t i n a l  

b u r n  posit ioning d a t a  wi l l  be gene ra t ed .  

It is expec ted  tha t  a r ev iew of the f l a shb l indness  l i t e r a t u r e  wi l l  be 

comple ted  and the eva lua t ion  and se l ec t ion  of a mode l  to  be u s e d  i n  

the gene ra t ion  of the f l a shb l indness  sec t ion  of the Repor t  will  b e  

ini t ia ted.  
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1. INTRODUCTION 

T h i s  Quar t e r ly  P r o g r e s s  R e p o r t  i s  submi t ted  t o  d e s c r i b e  ac t iv i t i e s  

in connection with C o n t r a c t  Number  A F  41 ( 6 0 9 ) - 2 9 0 0  which c a l l s  f o r  

the p repa ra t ion  of a T e c h n i c a l  R e p o r t  concern ing  the e f f e c t s  of n u c l e a r  

f l a s h e s  on vision. 

2. WORK ACCOMPLISHED 

The pr incipal  ac t iv i t i e s  of the p a s t  q u a r t e r  w e r e  conce rned  wi th  

examining c u r r e n t  c a p a b i l i t i e s  of the " T e m p e r a t u r e  Model" ( so lu t ions  

of the hea t  conductivity equat ion  in t e r m s  of r e t i n a l  t e r m p e r a t u r e  

d is t r ibu t ions)  and  the "Approximat ion  Model" ( r e t ina l  i r r a d i a n c e  and  

exposure  ca l cu la t ions )  r e l a t i v e  to  the r e t i n a l  b u r n  p r e d i c t i o n  

problem.  

i s  s t i l l  the use of e s t i m a t e d  t h e r m a l  e x p o s u r e s  i n t e r p r e t e d  f o r  h u m a n s  

in terms of m i n i m a l  b u r n s  p roduced  in the l abora to ry  us ing  p igmented  

r a b b i t s ,  i. e.  the  "Approximat ion  Model" or a p p r o p r i a t e  v a r i a t i o n s  

thereof .  

At t h i s  time i t  a p p e a r s  that the m o s t  a p p r o p r i a t e  a p p r o a c h  

The p rob lem of f l a s h b l i n d n e s s  h a s  not yet  been  cons ide red  in  de ta i l ,  

but i r o m  a c u r s o r y  r e v i e w  it a p p e a r s  tha t  the bes t  a p p r o a c h  p r e s e n t l y  

poss ib le  will ut i l ize  e s t i m a t e d  luminous exposure  i n t e r p r e t e d  in  



t e r m s  of t i m e  of r e c o v e r y  of v i s u a l  acu i ty  a s  obtained in  l abora to ry  

e x p e r i m e n t s  using humans .  

F o r  the  deve lopment  of t h i s  r e p o r t ,  the following outline i s  being 

cons ide red :  

I. INTRODUCTION 

11. GENERAL DISCUSSION 

1.  Weapon C h a r a c t e r i s t i c s  

2. A t m o s p h e r i c  T r a n s m i s s i o n  

3.  In t e rac t ion  of E n e r g y  wi th  the Eye 

In. SIGNIFICANCE O F  EXPOSURES 

1. Chor io re t ina i  B u r n s  

2.  Flashbl indne s s  

IV. P R  EDICTIOS METHODS 

1.  Chor io re t ina l  B u r n s  

2. Fiashb l indness  

V. MISSION P L A N N I N G  

1. E s t i m a t e d  Safe Sepa ra t ion  Dis tances  f o r  Spec i f ic  Si tuat ions 

a ,  Skin Burns  

b. P.ircraft  S t r u c t u r a l  D a m a g e  
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c .  Chor io re t ina l  Burns  

F l a  shblindne s s E f f e c t s  2 .  

3.  P o s s i b l e  C o u n t e r m e a s u r e s  

4. Sample  P r o b l e m s  

VI. APPENDICES 

VII. R E F E R E N C E S  

I t  is sugges ted  tha t  des ign  c r i t e r i a  and a r e a s  f o r  addi t ional  work  be 

d o c u m e n t e d  s e p a r a t e l y  i n  a s  much  a s  this informat ion  is  intended f o r  

a d i f f e ren t  group of r e a d e r s .  

3.  WORK ANTICIPATED 

I t  is a s s u m e d  tha t  th i s  r e p o r t  should a i m  a t  the p re sen ta t ion  of 

s impl i f ied  predic t ion  techniques ,  t echniques  wahich can  be c a r r i e d  

out with c h a r t s ,  g r a p h s ,  and  a s l ide  r u l e  o r  d e s k  ca l cu la to r .  T o  

t h i s  end ,  approximat ions  wi l l  be n e c e s s a r y  and the d i f f e r e n c e s  between 

t h e s e  approximat ions  and the  m o r e  exac t  fo rmula t ion  m u s t  be 

unders tood .  Thus ,  c o m p a r i s o n s  will  be  m a d e  among the va r ious  

ca lcu la t iona l  methods  in o r d e r  to e s t a b l i s h  a r e a s  of appl icabi l i ty  

and l imi ta t ions .  
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The r e s u l t s  of the e x p e r i m e n t a l  p r o g r a m  c u r r e n t l y  in p r o g r e s s  a t  

SAM wi l l  be i n c o r p o r a t e d  into this  r e p o r t  a s  a p p r o p r i a t e  and avai lable .  

Also ,  e f f o r t s  t o  r e l a t e  ca l cu la t ed  t e m p e r a t u r e  h i s t o r i e s  with 

e x p e r i m e n t a l  o b s e r v a t i o n s  will  be  cont inued with the objective of 

improving  p r e d i c t i o n  technique S. 
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APPENDIX A 

This  Appcndix i s  composed of reviews of three reports dealing with 

the retinal burn .prediction problem. 



THEORY O F  RETINAL BURNS - VOS 1962 

V o s  p r o p o s e s  a theory  tha t  r e t i n a l  b u r n s  a r e  c a u s e d  by the genera t ion  

of s t e a m  i n  the  r e t ina l  l a y e r s .  

d i s p r o v e d  by the  w o r k  done by Spel ls .  

t e m p e r a t u r e s  exis t ing in the e y e  a r e  of the o r d e r  of no m o r e  than 25 to 

30 d e g r e e s  cent igrade  t e m p e r a t u r e  r i s e .  

d i f fe r  f r o m  V o s '  by the a s s u m p t i o n  tha t  the rad ian t  e n e r g y  is  absorbed  

i n  s o m e  f ini te  th ickness  r a t h e r  than a t  the s u r f a c e  a s  w a s  a s s u m e d  by 

vos. 

This  assumpt ion  h a s  been  p re t ty  well  

Spe l l s  h a s  shown t h a t  the  m a x i m u m  

These t e m p e r a t u r e  calculat ions 

SOME REFLECTIONS ON T H E  DANGER O F  AND THE PROTECTION 

AGAINST NUCLEAR FLASH BLINDNESS AND RETINAL BURNS - VOS, 
FREDERIKSE,  WALRAVEN, AKD BOOGAARD 1964 

I n  g e n e r a l  t h e r e  a r e  m a n y  a s s u m p t i o n s  in th i s  p a p e r  that  r e q u i r e  additional 

jus t i f ica t ion .  

t h e  b a s i s  of t hese ,  the conclus ions  presented  a r e  not valid.  

Some  of the a s s u m p t i o n s  a r e  known to  b e  in  e r r o r  and,  on 

Sonic of the e r r o n e o u s  a s s u m p t i o n s  a r e ,  no doubt,  due to  the  fac t  that  V o s  

et a l .  do not have a c c e s s  t o  at1 per t inent  data .  Hawever ,  t h i s  d o e s  not 

r e d u c e  the  consequences  of accept ing the conclusions p r e s e n t e d  in the r e p o r t .  



I n  select ing the m i n i m u i n  d i s t ance ,  the l imi t ing  phenomena, a s  u s e d  by 

V o s ,  is  the o v e r p r e s s u r e .  The  l imit ing o v e r p r e s s u r e  u s e d  i s  about 0 . 7  

p s i  a t  s e a  leve l ,  

a i r c r a f t ,  and a s  a r e s u l t  the  m i n i m u m  dis tance  a s  used  by V o s  i s  too 

l a rge .  

is 1 / 2  the minimum d i s t a n c e  u s e d  by Vos. 

2 p s i  is not  too high f o r  some p r e s e n t  day f igh ter  a i r c r a f t .  

s o m e  a i r c r a f t ,  the o v e r p r e s s u r e  l imi t  i s  h igher .  

T h i s  0verp:essure leve l  is not l imi t ing  on c u r r e n t  

By using an  al lowable o v e r p r e s s u r e  of 2 p s i ,  the m i n i m u m  d i s t a n c e  

A n  allowable ' o v e r p r e s s u r e  of 

I n  f a c t ,  f o r  

Also  for  a i r c r a f t  a t  s o m e  a l t i tude  other  than s e a  leve l ,  the  o v e r p r e s s u r e  

is  reduced  for  a given shock  s t r eng th  because  the  p r e - s h o c k  p r e s s u r e  

d e c r e a s e s  a s  a l t i tude i n c r e a s e s .  

V o s  p r e s e n t s  data  only f o r  blink t i m e s  up t o  0 . 1  seconds.  

cannot evaluate  the h a z a r d  a s soc ia t ed  with longer  blink t i m e  o r  a delayed 

blink. 

T h e r e f o r e ,  one 

Since 0. 1 s ec  is  about the  f a s t e s t  r e sponse  tha t  c a n  be  expec ted ,  t h e r e  i s  

no provis ion  i n  th i s  r e p o r t  t ha t  p e r m i t s  the eva lua t ion  of the eye b u r n  

h a z a r d  a s soc ia t ed  with longer  bl ink t imes .  
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P e r s o n a l l y ,  th i s  w r i t e r  wwuld  not u s e  Vos '  conclusions concerning r e t ina l  

b u r n  i f  h i s  e y e s  w e r e  involved i n  a n  e x p e r i m e n t .  

t ha t  his conclusions a r e  based on insuf f ic ien t  d a t a  o r  misappl ica t ion  of da ta .  

In genera l ,  i t  i s  bel ieved 

The  d a t a  h e  p r e s e n t s  on f lashbl indness  r e c o v e r y  times is comple te  and 

(accord ing  to  Vos)  a g r e e s  with p r e v i o u s  work done in  th i s  a r e a .  

T H E  PRODUCTION O F  RADIATION BURNS ON THE RETINA AT T H E  

THRESHOLD L E V E L  O F  DAMAGE: A LITERATURE SURVEY AND 

TENATIVE MATHEMATICAL THEORY - S P E L L S  1964 

The  b a s i s  of a l l  investigations p r e s e n t e d  in  the r e p o r t  a r e :  

1) T e m p e r a t u r e  i s  the m e c h a n i s m  tha t  c a u s e s  the p e r m a n e n t  

damage  known a s  r e t i n a l  burn. 

Only the t e m p e r a t u r e  a t  the c e n t e r  of the image is  c o n s i d e r e d  

in  the ana lys i s  p r e s e n t e d  in  the p a p e r .  

2)  

The  f i r s t  assumpt ion  a p p e a r s  r e a s o n a b l e  a t  l e a s t  a s  a f i r s t  a p p r o s i m a t i o n  

even  though i t  ignores  phototropic e f f ec t s  in  a phototropic device. '  

The  second assumpt ion  i s  t h e  one tha t  could s tand a c l o s e r  look. 

C a r s l a w  and Jaeger  (p. 264). 

F r o m  

The  t e m p e r a t u r e  i n  a sirni-infinite solid 
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heated  on the s u r f a c e ,  z=o,  a t  a cons tan t  r a t e  of "F" o v e r  an a r e a  of 

r a d i u s  "a" is: 

c 
00 

J 

t t i m e  

K = conductivity 

k = diffusivi ty  = - K 
P C  

p = dens i ty  

c = spec i f ic  hea t  

Spe l l s  then  solved equat ion 1 and obtained: 

a 1 - exp(-------' a 2  ,] t - Fa e r i c  - 
4 kt 2K 2 $G 

Then  us ing  d imens iona l  a n a l y s i s  he obtained t h e  fol lo\ i ing re la t ionship :  

& =  f (KV) 
a a F  

(31 

It should be noted tha t  in  p e r f o r m i n g  the d imens iona l  a n a l y s i s  only the 

v a r i a b l e s  contained in  equat ion 2 %'ere  cons ide red .  T h e r e f o r e ,  equat ion 3 
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should be the cxpec ted  r e s u l t  f r o m  t h i s  e x e r c i s e .  

S ince  K ,  k, and v a r e  a s s u m e d  t o  not  v a r y  be tween e x p e r i m e n t s ,  equat ion 

3 c a n  be r e w r i t t e n  as  

Spel l s ,  i n  F i g u r e  2 of t h e  r e p o r t ,  p lo ts  the b u r n  d a t a  in  the  fo rm of equat ion 

4, i . e .  

1 fL vs - 
a a F  

w h e r e :  

t r e p r e s e n t s  the e x p o s u r e  t i m e  to  produce a b u r n  

a r e p r e s e n t s  the  i m a g e  r a d i u s  

F r e p r e s e n t s  the  i r r a d i a n c e  

Looking a t  F i g u r e  2 (Spel l s ) ,  th i s  a n a l y s i s  s e e m s  to  b e  lacking a s  t o  c o r r e l a t i o n  

of the da t a ,  and i t  s e e m s  tha t  t h e r e  e x i s t s  a n  additional functional r e l a t i o n s h i p  

on "a". 

Spe l l s  then goes through a n  a n a l y s i s  w h e r e  the incident energy  is  a b s o r b e d  in  

accordance  with " B e e r ' s  Law" 

being absorbed  a t  the s u r f a c e .  

(F/Fo = e x p ( - G z )  r z t h e r  than  a l l  the e n e r g y  

- 9 -  



F o r  t h i s  a s sumpt ion ,  the following ana ly t i c  r e s u l t  i s  obtained. 

v(o, e ,  t )  = - F ,  Kl& kt + SK [ e x p ( G 2 k t )  e r f c  (GG) 

And again,  by d imens iona l  ana lys i s ,  t he  following re la t ionship  t o  be :  

i - ~v = i(Fk, G a  
a €  a 

and in p a r t i c u l a r  Spe l l s  a s s u m e d  the  form of th i s  re la t ionship  to be: 

Equat ion 7 was obtained by a s s u m i n g  K ,  v, and k cGnstant a s  be fo re ,  and 

the contr ibut ion of the integra! of equat ion  5 to b e  governed by the  independent 

v a r i a b l e  of equat ion 7 ( o r  equal  to  z e r o ) .  

F i g u r e  3 (Spel l s )  shows a plot of the  da t a  using the va r i ab le s  of equat ion 7 fo r  

K = k = l l  s 1 0 -  

c'= 6Olcm 

4 

v = 1 8 . 6 O  c 

The gGocness of f i t  a s  shown can  be  mis l ead ing  because  both t e r m s  of 

- 1 0  - 



equat ion  7 conta in  t and  f r o m  Tab le  1 (Spel ls)  

r a n g e s  be tween approx ima te ly  1 / 4  t o  1 / 2 0 .  ( H a m ' s  da ta  tends toward  the  

s m a l l e r  r a t i o  and J a c o b s o n ' s  d a t a  toward  the l a r g e r  r a t io .  ) 

A l s o  p r e s e n t e d  in the  r e p o r t  is a r e g r e s s i o n  a n a l y s i s  pe r fo rmed  on the 

d a t a  b y  Caldwell .  T h e  following equat ion  ='as f i t t ed :  

- = A- kt  exp (0 
a C v K a  

r 3  
1 d? t B * t C T  b t  - 

a F  a a 

T h e  diffusivi ty  k and conduct ivi ty  K w e r e  a s s u m e d  t o  equa l  0 .001 1 and  the 

b e s t  v a l u e s  w e r e  found f o r  A ,  B, C,  G , and v b y  l e a s t  squa res .  I 

F o r  the  d a t a  p r e s e n t e d  by H a m ,  e t  a l .  and Jacobson ,  et al .  for  a n  a r c  s o u r c e  

containing both v is ib le  and i n f r a r e d  rad ia t ion ,  t he  following r e su l t s  w e r e  

obtained:  

A = 0.804 

B = -0.0096 

C = 0.000094 

G =  20  cm 

v = 25°C 

- 1  
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s tandard  deviat ion 22 .  6% 

= 48.3% 
m a x  

and for a n  a r c  s o u r c e  vis ible  s p c c t r u m  only (data of Jacobson,  e t  al.).  

A = 0. 712 

B = 0. 071  1 

C = -0. 0070 

G= 30 cm- l  

v = 25OC 

s tandard  devia:ion 18. 5% 

Spel l s  s e e i n s  to  think that the abGve a r e  good f i t s  cons ider ing  that  data  

i o r  one image  s i z e  h a s  about a s  m u c h  s p r e a d  a s  the above c u r v e  f i t .  

"Moreove r  thc r e s u l t s  f i t ted by th i s  cquation a r e  those 0: t\vo invest igat ions 

h i ther to  r c g a r d e d  a s  being somewhat  incons is ten t  with each  other".  

And 

- 1 2  - 



I t  should be notcd that the above c u r v e  f i t  did not include the long tirne da ta .  

F o r  s h o r t  t ime burns  ( l e s s  than  1 0  m s e c )  Spel l s  ends up with the follou,ing 

re la t ionship :  

2 P C "  

Cj- 
Ft = (9) 

Such s h o r t  t ime exposures  could b e  obtained using a l a s e r  a s  a n  energy  source .  

CO34MENTS 

One c h a r a c t e r i s t i c  of a r e t i n a l  b u r n  tha t  s e e m s  to be over looked  i n  t h i s  

a n a l y s l s  is thzt a r e t i n a l  b u r n  is  a s s o c i a t e d  with a f ini te  a r e a .  

b u r n  m u s t  be  seen  by an o b s e r v e r  i n  o r d e r  tha t  a b u r n  can  b e  r epor t ed .  

T h e  c o n e s  and r o d s  have d i a m e t e r s  on  the o r d e r  of m i c r o n s  (1 t o  3 .5  m i c r o n s ) ,  

t h e r e f o r e ,  i t  s e e m s  unreasonable  to a s s u m e  that  one "cooked" r e t ina  c e l l  

can  be  observed.  

That  i s ,  the  

T h e r e f o r e ,  if instead of looking a t  the  t e m p e r a t u r e  a t  the c e n t e r  o i  the i m a g e ,  

the  t e m p e r a t u r e  oi i n t e r e s t  is  the t e m p e r a t u r e  cor responding  to  s0r.e b u r n  

rad.us  rb. 

f o r  the  t e m p e r a t u r e  a t  the b u r n  r a d i u s :  

Looking a t  equat ion (1)  abbve and lett ing z equal  z e r o  and solving 
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r- d x  
x 

a D  r" 
2K i ' J o i X r b ) J l ! X a )  erf ( x i i c t )  - - -  - 

0 
Thus  far ,  a t t e m p t s  to p e r f o r m  the  in tegra t ion  indicated i n  equat ion ( i o )  

have been unsuccess fu l  and hence ,  the b u r n  t e m p e r a t a r e  was not obtained 

i n  a c losed  fo rm.  However ,  by  d imens iona l  ana lys i s ,  using the v a r i a b l e s  

of equat ion  ( i o ) ,  the following relationship is obtained: 

Equation (11) d i f f e r s  f rom equat ion ( 3 )  by the inclusion of the d imens ion le s s  

a 

'b 
v a r i a b l e  (-). 

C a r r y i n g  the d imens iona l  ana lys i s  f u r t h e r  to include the fact that  the 

inc ident  e n e r g y  is  not absorbed  ai the  s u r f a c e ,  but is a t tenuated  i n  the  z 

d i rec t ion  b y  the  attenuat ion i zw;  esp ( -  G z ) ,  the  funct ionai  r r i a t i o n s h i p  

becomes :  

One iorm of solut ion of equazion ( 1 2 )  tha t  has  bcen used i n  convective hea t  

t r a n s f e r  t na t  m a y  work i n  this problem is: 

(12 
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The cuant i t ies  that  a r e  not r e c o r d e d  in  the  exis t ing b u r n  e x p e r i m e n t s  are :  

k - diifilsivity 

K - conductivity 

vb - b u r n  t e m p e r a t u r e  

r b  - b u r n  r a d i u s  

G - ext inct ion coeff ic ient  

In  o r d e r  to a t t e m p t  to c o r r e l a t e  t h e  e x p e r i m e n t a l  data,  it i s  s u g g e s t e d  that  

equat ion (13) be f i t ted f o r  both the da ta  of H a m  e t  a l .  and J a c o b s o n  e t  a l . ,  

using accepted  v a l u e s  of k=K=.  0011 (with the appropr ia te  un i t s )  and  solving 

for  rb ,  and G a s  well  a s  the  c o n s t a n t s  A ,  B,  C and D. 
Vb' 

If both f i t s  show a c o r r e l a t i o n  in  a l l  quant i t ies  except r b ,  this would expla in  

the &?parent  incons is tency  of  r e s u l t s  be tween t h e  t X t - 0  e x p e r i m e n t s .  
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1.  INTRODUCTION A N D  SUMMARY 

Technology Incorpora ted  is proposing the  p repa ra t ion  of a technical  

r e p o r t  on nuclear  flash e y e  effects with e m p h a s i s  on a i r c r e w  

opera t ions  for u se  by m i l i t a r y  p lanners .  

t echnica l  r e p o r t  will  b e  t o  assist opera t ions  pe r sonne l  and a i r c r e w s  

i n  planning and c a r r y i n g  out m i s s i o n s  with the least poss ib l e  eye 

h a z a r d s .  

The  object ive of the proposed 

The  proposed r e s e a r c h  t e a m  is cur ren t ly  working in the a r e a  of 

nuc lea r  f lash  eye  effects  and includes personnel  with expe r i ence  in  

phys ics  , mathematical analy si 6 ,  computer   tog r a m m i n g  , nuc lea r  

weapons effects ,  handbook p repa ra t ion  and o ther  c lose ly  r e l a t e d  

a r e a s .  

Technology Incorpora ted  h a s  gained cons iderable  expe r i ence  in  

t h e  field of ocular  e f f ec t s .  T h i s  exper ience ,  including par t ic ipat ion 

ir. nuc lear  t e s t s ,  t heo re t i ca l  ana lys i s  of t h e r m a l  effects and p e r -  

forming  ocular  s t u d ~ e s  in  the  labora tory ,  p rovides  Technology 

Incorpora ted  pe r sonne l  with unique ab i l i t i es  i n  this spec ia l ized  

field.  

nuc lea r  f lash  eye e f fec ts ,  l i t e r a t u r e  covering the g r e a t e r  p a r t  01' 

the s t a t e  of the ar t  h a s  been  accumulated.  

As a r e su l t  of a h i s to ry  of par t ic ipat ion in  work concerning 

In o r d e r  t o  thoroughiy 
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uti l ize  this  type of i n fo rma t ion ,  a Company l i b r a r y  is maintained 

by a fu l l - t ime l i b r a r i a n .  

r -  

Other  advantages of Technology Incorpora ted  a r e  i t s  locat ion,  s i z e ,  

and operat ional  l ia ison.  T h e  off ices  and l a b o r a t o r i e s  of the T e x a s  

Division a r e  within t h e  c i ty  of San  Antonio, T e x a s .  T h i s  locat ion 

p e r m i t s  c lose  coord ina t ion  between i n t e r e s t e d  Ophthalmology 

Depar tment  p e r s o n n e l  a d  Technology Incorpora t ed ' s  p r o j e c t  t eam.  

The fac i l i t i es  of Technology Incorpora t ed  and the p e r s o n n e l  who 

would b e  ass igned  to this  t a s k ,  a r e  c l e a r e d  to  handle  c l a s s i f i ed  

information up t o  and including S e c r e t  R e s t r i c t e d  Data. 
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2 .  STATEMEST O F  TEE P E O B L E M  

S e v e r a l  r e s e a r c h  e i f o r t s ,  - tes t ing  p r o g r a m s ,  and s tudies  have been 

p e r f o r m e d  which cover  a l m o s t  a l l  a s p e c t s  of ocular  effects  f r o m  

nuclear  detonations.  

a tmosphe r i c  t r anspor t ,  eye  p ro tec t ive  m e a s u r e s  and devices ,  and 

physio-pathological eye e f fec ts .  To d a t e  t h e r e  h a s  been  no com-  

prehens ive  compilat ion of t h i s  ava i lab le  nuc lear  f lash eye effects  

and c o u n t e r m e a s u r e  in fo rma t ion  into a homogeneous s ta te -of - the-  

a r t  publication. 

consol idate  th i s  in format ion  into a Techn ica l  Repor t  f r o m  which 

m i l i t a r y  s t r a t e g i s t s  m a y  p lan  m i s s i o n s  which are within the frame- 

work of r e l i ab le  e y e  s a f e  sepa ra t ion  d i s t ances ,  and which contkins 

tb.e c r i t e r i a  by  whisk. io choose  the  bes t  eye prozection. The  need 

f o r  having this  iniorzxation r ead i ly  ava i lab le  under  a single  cover  

i s  evidenced by the  number  of r e q u e s t s  f r o m  mi l i ta ry  c o m m a n d e r s  

f o r  safety r e c o m m e c t x t i o n s  fo r  a spec i f i c  si tuation, espec ia l ly  

l i k e r e  a i r c r e w  opera t ions  a r e  involved. 

n e c e s s a r i l y  be  conce:ned writh the exact ing ccjnditions used  ir. 

posit ioning fo r  t e s t  ? - rposes ,  but t h e  i x o r c  genera l  problen-. o i  

success fu l  completis: of a m i l i t a r y  mis s ion .  

T h i s  inc ludes  nuc lea r  detonation c h a r a c t e r i s t i c  5, 

The School of Aerosaace Medicine is planning to  

Such a r epor t  would not 



T h e r m a l  rad ia t ion  f r o m  a nuclear  weapon can af fec t  the eye ir. 

v a r i o u s  ways.  T h e s e  a r e  grouped into two m a i n  ca t egor i e s :  (1) 

f lashbl indness ,  which is  a re lat ively t e m p o r a r y  e f f e c t ,  and (2) the 

chor io re t ina l  bu rn ,  which is a m o r e  permanent  injury.  If the ob- 

s e r v e r  i s  looking d i r ec t ly  at the f i r eba l l ,  the e n e r g y  wil l  be focused 

onto a sinal1 spot  on  the r e t i n a  and a - r e t ina l  b u r n  may r e s u l t  at much 

g r e a t e r  d i s t ances  than those  which produce skin burns .  If the ob- 

s e r  is  not looking d i r ec t ly  at the f i reba l l ,  the  l ikel ihood of a burn 

i s  m i c h  less, but he  m a y  have a t e m p o r a r y  l o s s  of vis ion due to  

the bleaching ef fec t  f rom the  inc reased  l ight level .  

c o u n t e r m e a s u r e s  is  needed t o  pro tec t  mi l i t a ry  a i r c r e w m e n  from these 

poss ib i l i t i es .  

as a guide a s  to when it wculd be judicious to u s e  a protect iye device. 

Information on 

Safe sepa ra t ion  dis tance information is  a l so  needed 

In o r d c r  t o  achieve  the c l a r i t y  and ut i l i ty  needed in  such a Technical 

R e p o r t ,  and to cover  the f a c t o r s  which a r e  e s s e n t i a l  i n  consicering 

e v e r y  a spec t  of any given situation, the suggest ions l i s t ed  in  :Le 

s t a t emen t  of work  wil l  be uti l ized, along i i t h  o the r  secr:ons z c  data 

which are  d i s c u s s e d  l a t e r  i n  this proposal .  

Only m a t e r i a l s  and data  approved by the procur ing  agency wi:: be 

u s e d  in  the  p r e p a r a t i o n  of this Technical  Repor t .  
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3 .  A P P R O A C H  TO THE PROBLEM 

3.1 Genera l  

In o r d e r  to be effective, a Nuclear F l a s h  Eye Effec ts  

Technical Repor t  m u s t  be writ ten s o  that the u s e r  of the 

r e p o r t  can  readi ly  understand and apply the  contents t o  

h i s  pa r t i cu la r  situation; The re fo re ,  the p r ime  consideration 

i n  the  p repa ra t ion  of the Report  will be the presenta t ion  of 

the da ta ,  and cons t ruc t ion  of the  f o r m a t  so  as t o  provide the 

n e c e s s a r y  informat ion  in  a manner that can be  readi ly  applied 

by mi l i t a ry  c o m m a n d e r s .  

~, ... 

Technology Incorpora ted  proposes to collect ,  analyze,  

differentiate and synthesize all available and approved i n i o r -  

mation on nuc lear  f l a sh  eye effect which endanger the 

successfu l  completion of mi l i ta ry  missions.  

will be disti l led f o r  i t s  value t o  mi l i t a ry  commanders  and 

mis s ion  p lanners  and presented in a useiul  and concise 

Technical Repor t  f o r m .  

o r  t abu la r  f o r m  with complicated matker.atical  ex? res s ions  

omitted.  Safe separz t ion  distances btised on the perti::cr.r 

p a r a m e t e r s  wi!l he contained. in  non’lfigraphs o r  tables tind 

The l i t e r a tu re  

The included data will be in graphica l  
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only a r i t hme t i ca l  p r o c e d u r e s  will  be used for cornputatifin 

faci l i ta t ing quick dec i s ions  and min imum e r r o r .  

or iginat ing agency and appropr ia te  l i b r a r i e s  w i l l  be  vis i ted.  

Authori t ies  in the f ie ld  of ocular  effects  i n b o t h  p r iva t e  and 

government  insti tutions.  will  be  consulted.  Previous  

The  

ques t iona i res  will be re -eva lua ted  and local  commander s ,  

through the  Contract ing Agency, will  be asked t o  outline 

t h e i r  p rob lems  and r ecommend  a r e a s  of immediate  impor tance  

to the i r  miss ion .  . 

No a t tempt  will be made  to  genera te  new data.  

wil l  be based  only on p a s t  r e s e a r c h .  F o r  example,  a 

s implif ied merhcd for  r e t ina l  burn  safe-separation-distance 

which h a s  been  used  quite successfu l ly  for  quick, r o c g h  

e s t i m a t e s  in the pas t  is  p r e s e n t  i n  Operat ion Dominic 

P r o j e c t  4. 1 POR.  

This r e p o r t  

2 . 2  Specific 

Th i s  compendium. might  be composed of the following sec:ions: 

1 .  P r e f a c e  

2. Introduction 

3. Ocular  Response to Nuclear  Weapon Detonation 
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I: 

4. S u c l e a r  Weapon Detonarion C h a r a c t e r i s t i c s  

5. C o u n t e r m e a s u r e s  

6. C r i t e r i a  fo r  Miss ion  Planning 

7. Example  P r o b l e m s  

8. . Bibliography 

a .  Non-technical  

b. Technica l  

9. Appendix 

a. Defini t ions of T e r m s  

b. Device Design C r i t e r i a  

C.  Fu tu re  A r e a s  of Invest igat ion 

1. P r e f a c e  

Th i s  sec t ion  wil l  s e r v e  a s  an o v e r  view of the r e p u r t  

given in out l ine f o r m  pe rmi t t i ng  quick r e t r i e v a l  of 

per t inent  in format ion  e l s e w h s r c  in the r epor t .  

a l s o  contain a shor t  d i scuss ion  of the r e p o r r ' s  pur-,>se.  

i: 

2. Introduction 

This  sect ion wil l  d i s c c s s  ti.e prabLe?x, I t s  h 1 s ~ c r ~ ~ ,  ar.d 

s u m m a r i z e  rhe sec t ions  contair.ed in the r e p o r t  \v:::-. 

at tendent u se fu lness  of each  s e c t ~ o n .  
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3.  Ocular Res;?onse to a Wnclear Weapon Detonation 

Th i s  section will cover the a s p e c t s  of f lashblindness and 

chor iore t ina l  bu rns  induced by t h e r m a l  radiation. It will 

define the effects,  cha.racterizing the type of impa i rmen t  

and i t s  re la t ion  t o  c rewmen  function, and p resen t  r e p r e -  

sentative data on flashblindness recovery  t ime  and r e t ina l  

bu rn  thresholds.  

e f fec t  of thermal radiation incident on the c a r n e a  including 

ambient lighting conditions. 

The  d iscuss ion  will be l imited to  the 

4. Nuclear  Weapon Detonation Charac t e r i s t i c s  

Th i s  sec t ion  w i l l  p resent  d i scuss ion  and representa t ive  

d a t a  of nuclear weapon detonation cha rac t e r i s t i c s .  

be concerned p r i m a r i l y  with the the rma l  radiation produced 

and i t s  delivery t o  the cornea  of the eye. 

yield, height of b u r s t ,  a tmospher ic  conditions, c l o d  

format ions  and geometry  of s o u r c e  t o  rece iver  will be the 

ma in  p a r a m e t e r s  discussed. 

It will  

Weapon type, 

5 .  Cocn te rmeasu res  

Th i s  section will contain a co:nplete discussion of a c c e y e d  

coun te rmeasu res  and the i r  value i o r  given situatlons. 
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Included will b e  p ro tec t ive  p r o c e d u r e s ,  on the ground 

and in  an a i r c r a f t ,  and mechan ica l  devices  with l imi ta t ions  

and advantages l i s t e d  and compared .  

\ 

6. C r i t e r i a  for M i s s i o n  Planning  

This sect ion will conta in  all da t a  needed for  m i s s i o n  

planning as p e r t a i n s  to ocu la r  e f f ec t s  and will  not contain 

information on m i s s i o n  planning in gene ra l  o r  tha t  of 

delivery.  

f o r m  and an e s t i m a t e  of e r r o r s  given. 

information on f l a shb l indness  r e c o v e r y  time as a funct ion 

of incident t h e r m a l  e n e r g y ,  r a t e  of de l ivery ,  size of 

fundus i m p a i r m e n t  and b u r n  thresholds .  

given on t h e r m a l  e n e r g y  f rom the sou rce  a s  a function 

of weapon type and  y ie id ,  s l an t  r ange  and a t m o s p h e r i c  

attenuation and s c a t t e r i n g .  Skin bilrn,  and a i r c r a f t  safe 

separat ion d i s t a n c e s  will  be  c o r r e l a t e d  with ocu la r  safe 

separat ion d i s t ances .  

Data  wi l l  be  p r e s e n t e d  in graphica l  o r  t a b u l a r  

Data will  include 

Data  will  b e  

7. Example P r o b l e m s  

Information conta ined  in  the l a s t  sec t ion  \vi11 be  u s e d  ;n 

example Troblems t o  f a m i l i a r i z e  the  r e a d e r  with tkLe 
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p a r a m e t e r s  and techniques involved. An outline cha r t  

method will be used  whose f o r m  can  be  followed f o r  all 

contingent c a s e s  and will contain a l l  pertinent steps of 

computation with a n  e s t ima te  of range value and probable 

e r r o r  given i o r  each  step. T h i s  will ensu re  that planning 

will be uni form and complete and confidence c a n  be  

engendered i n  the  planner.  

8. Bibliography 

The bibliography will be divided into two p a r t s ;  (a) non- 

technica l  l i t e r a t u r e  and (b) technica l  l i t e r a tu re .  Part "a" 

will cons i s t  of mili tary planning r e p o r t s  writ ten p r imar i ly  

f o r  commander s  and mi l i t a ry  p l a n n e r s  containing infor- 

mation d i r ec t ly  useful to the mission. 

of wider scope containing information a student in the i ield 

would use .  

Part "a" which is used in prepar ing  th i s  r e p o r t .  

Part "b" M r i l l  be 

This  p a r t  will a l s o  contain a l l  m a t e r i a l  not in 

9. A p p e n d i x  

This  final section will be in  t h r e e  2 h r t s ;  (a) Definition o f  

T e r m s ,  (b) Eevice  Design C r i t e r i a ,  a n d  (c )  Future  Are,$ 

of Investigation. P a r t  "a" wi l l  define ail terms used  in  



L .  

t h i s  r epor t  faci l i ta t ing understanding of the m a t e r i a l  and 

- minimizing ambigui t ies .  P a r t  "b" wil l  give p a r a m e t e r s  

needed,  including " w o r s t  case" ,  i n  design of a working 

e y e  pro tec t ive   device.^ P i lo t  reac t ions  to  prev ious  des igns  

wil l  a150 b e  included. P a r t  "c" will outline incons is tenc ies  

in  p r e s e n t  da t a  including insuff ic ient  investigation and  

r ecommend  a r e a s  fo r  fu ture  r e s e a r c h  and ana lys i s .  

3 . 3  S u m m a r y  

In the  cons t ruc t ion  of t h i s  Technica l  Repor t  the intended purpose 

of the r e p o r t  m u s t  a lways  d ic ta te  the contents and presenta t ion  

of the  contents .  The  technica l  content must be r e s t r i c t e d  t o  

that  which i s  r e q u i r e d  fo r  the mission planners  and technica l  

nomencla ture  avoided whenever  possible .  

a l s o  b e  as  c l e a r  and concise  as  possible  s o  a s  not t o  unduly 

bu rden  the r e a d e r .  

only currer. t ly approved  (by the procuring agezcy) i x a t e r i a l  be 

used  in  this  technica l  r epor t .  

following p g e s  ind ica tes  the  co;sious scpply of pr inted i n i o r -  

mztion avai lable .  

The content should 

E x t r e m e  c a r e  mus t  be taken t o  in su re  that 

A pa r t i a l  bibliography on the 
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4 .  RELATED EXPERIENCE 

Technology Incorporated h a s  conducted r e s e a r c h  in numerous  re- 

la ted  a r e a s  which would enhance the overall  objective of the p r o -  

posed effort. 

and indicates the meaningful contribution Technology Incorpora ted  

h a s  made toward advancing the s ta te -of - the-ar t  in  th i s  a r e a  of nu- 

c l ea r  weapons effects. 

The r e s e a r c h  s u m m a r y  to  follow outlines t h e s e  a r e a s  

- Supple'menting the research initiated under Contract 4F 41 [bop)-  

. .a334 and continued under Contract A F  33(657)-11557, Cont rac t  

AF 41(609)-2437. a l s o  sponsored  by the  Aerospace  Medical Divi- 

sion, involves refinement of a mathematical  model  of r e t ina l  bu rns  

f r o m  nuclear f lashes .  

c l ea r  i i reba i l  source  t ab le s  which show for var ious  yields and ai-  

titudes the spec t r a l  i r r ad iance  and dimensions v e r s u s  t i m e .  Re- 

lated to  this requi rement  is the writing for the Phi lco  5-2000 a 

p rogram t o  handle s p e c t r a l  da t a  a s  d i rec t  input t o  a mathemat ica l  

model fo r  flashblindness. Also re t ina l  b u r n  data from labora tory  

t e s t s  a r e  being analyzed i n  the light of s imi l a r  da ta  from weapons 

t e s t s .  

Another task r equ i r e s  prepara t ion  of nu- 

- Contract A F  41(609)-2464 fo r  the USAF School of Aerospace  
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Medicine involves r e sea rch  on the ocular effects of thermal 

radiation. 

a high-intensity thermal  source for experimental use. 

objectives include the experimental deiinition of c r i te r ia  for  ther -  

. mal  radiation causation of flashblindness and chorioretinal burns,  

developing and testing techniques to  predict  flashblindness a n d .  

chorioretinal burns suffered under various exposure conditions, 

and developing and evaluating devices as well as techniques to 

Included is the design, fabrication, and calibration of 

P rogram 

protect against visual impairment f rom therm-a1 radiation expo- 

s u r e .  Par t icular  a ims seek development of a mathematical model ' 

capable of predicting flashblindness severi ty  and duration, wave- 

length, and post-exposure illumination level; expansion of f lash- 

blindness threshold data; and methods to identify minimal burns 

and t o  re la te  them to  pertinent parameters ,  such a s  image s ize ,  

irradiance,  and retinal location. 

- Under Contract A F  33(657)-10686, Technology Incorporated i s  

analyzing existing nuclear effects prediction formulae to verify 

the safe-escape calculations used in ADC and TAC Nuclear Wea- 

pon Delivery Handbooks. In the a rea  of s t ructural  vulnerability, 

and of particular interest, Technology Incorporated has j u s t  
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completed the preparation of t w o  documents summarizing the 

state-of-the-art  a i rcraf t  vulnerability. These documents, 

RTD-TDR-64- 1, "Vulnerability of Aeronautical Systems to  Nu- 

c l ea r  Effects.  Volume I, Methods of Structural  Analysis, '' and 

Volume 11, 'tApplic'ations or' Structural  Analysis, " required an  

exhaustive l i terature  survey and a compilation of available lethal 

s t ructural  volumes. In  addition, it was necessary f rom a use r ' s  

point of view to  include a unique method of presenting lethal volume 

data. 

ments  and presenting these increments  i n  plan view. 

dure will allow more  reasonable assessment  of Soviet and U. S. 

a i rc raf t  vulnerability. Also included in Volume 11 was a section 

covering crew vulnerability to flashblindness/retinal burn effects 

in general. Present  emphasis i s  being placed upon formulatior, of 

a computer program which w i l l  t r ea t  s t ructural  dynamic response 

to  nuclear blast  loads. 

This was done by "slicing" the volumes into altitude incre- 

Such a proce- 

- Working in support of the Air Fo rce  Special Weapons Center 

under Contract A F  29(601)-6788, Technology Incorporated i s  

performing various statist ical  t es t s  on nuclear test  data to  devclop 

a statist ical  design procedure for  shock isolation systems.  Tasks 

include dividing air-blast  induced ground shock records into sets 
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of different wavelength patterns,  statistically analyzing the records 

in each set for population grouping, estimating the significant para-  

meters  defining each se t  distribution function, deriving from these 

functions the response distribution function of a mechanical system, 

finding the probability of the mechanical system failure due to each 

input set ,  and finally giving a detailed statist ical  design procedure 

. .  

for  shock isolation systems.  

- Nuclear blast effects upon in-flight a i rc raf t  were investigated in 

the research  effort under Contract A F  33(657)-8373. 

phenomena were examined to determine the heat, overpressure,  

gust velocity and radiation magnitudes affecting a specific wea- 

pons system. 

levels of each parameter  and the structural  l imits for  particular 

types of a i rc raf t .  

Nuclear 

These levels  were utilized to ascer ta in  the tolerance 

- Under Contract N 140(131)-75271 B(X) ,  Technology Incorporated 

aids the Naval Material  Laboratory in  installing, calibrating, and 

operating the instrumentation to record the thermal and visible 

radiation effects of nuclear detonations. Such data, recorded on 

magnetic tape,  oscil logram, camera film, ar.d s t r ip  chart ,  a r e  

being processed. 
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- Initiated under Contract N 140(131)-75231 B ( X ) ,  research  on the 

thermal  and visible radiation effects of nuclear detonations 

continues under Contract N 140(62462)-76604B for the Navy's 

Applied Science Laboratory.  

inic data is a major  phase of this effort. 

a testing capability, instrumentation systems to record data on 

oscillograms and magnetic tape a r e  being designed, fabricated, 

and tested. These systems wil l  incorporate specially designed 

t ransducer  packagee. 

in the development of calibration systems for  laboratory and 

field use. 

The processing of Operation Dom- 

In the development of . 

Various light source6 a r e  being employed 
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5. REPORTS 

Technology Incorporated will.submit informal progress  reports,  

in  tr iplicate,  a t  the end of three, six,and nine months and a pre-  

l iminary draft  of the final report  a t  the end of ten months. 

informal progress  reports  will include existing portions of the final 

The 

report ,  difficulties encountered during the reporting period and the 

remedial  action taken, and a statement of anticipated activity during 

the subsequent reporting period. 

be submitted at or  before the end of twelve months. 

preliminary and final technical report  will adhere to the following 

directives:  

The final technical repor t  will 

Both the 

5 .1  Instructions for Preparation: 

The report  will  be prepared in accordance with the provisions 

of USAF School of Aerospace Medicine Publication, "A Guide 

for Preparing Material  for Publication, " April 1 9 6 3 ,  (or 

respective supplementing or  superseding documents). 

5.2 Prel iminary Draft: 

5.2.1.  Technology Incorporated will submit a typed, double- 

spaced preliminary draft manusFript of the Technical 

Documentary Report to the USAF School of Aerospace 
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Medidine for  technical and format review. 

preliminary draft shall be complete, including 

(as  applicable) all teet  resul ts ,  conclusions, tablea, 

illustrations, and appendices. 

The 

5 . 2 .  2. . Technology Incorporated will be responsible for 

insuring that the report  i s  editorially co r rec t  and 

that i t  conforms to accepted common usage and  good 

practice8 in ecientific and technical writing for  a 

generally broad audience, 

5.2. 3, When the preliminary draft  is returned, Technology 

Incorporated will make the changes, additions o r  

corrections designated by the USAF School of Aerospace 

Medicine. 

approved draft .  

The corrected copy will be called the 

5 . 2 . 4 .  Technology Incorporated wi l l  make every effort  to 

insure that the preliminary draf t  manuscript  is 

complete and accurate, thus eliminating the need 

for submitting a second preliminary draft .  However, 

if the USAF School of Aerospace Medicine determines 
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. that the f i r s t  preliminary draft requires  extensive 

rewriting o r  additions requiring further technical 

review by the USAF School of Aerospace Medicine, 

the f i re t  preliminary draft will  be returned for 

appropriate revision. 

the revised draft, for  approval of the W A F  School of 

Aerospace Medicine. 

The Contractor will re turn 
. .  

5 , 2 . 5 .  Final Drafts: Reproduction Copies for Phcto-oifset 

Printing: After receipt of the approved draft, 

Technology Incorporated will prepare an original 

typed bound copy in accordance with the requirements 

of Paragraph A and submit this copy to the USAF 

School of Aerospace Medicine for final format  review, 

. approval, printing, and distribution. In addition, 

Technology Incorporated will  prepare and forward 

50 Xerox quality bound copies of the final draft. 
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6 .  CHRONCLOGY 

Technology Incorporated is prepared to  begin work on this effort 

immediately upon the awarding bf a signed contract. The w o r k  

called f o r  in  thie proposal wil l  be completed within a period of 

twelve months. 
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7.  PERSONNEL AND MANAGEh4ENT 

The work proposed  by  Technology Incorpora ted  will  be conducted 

under the g e n e r a l  superv is ion  of Mr .  George  R.  Boone, D i rec to r ,  

Texas  Division. 

I t  i s  ant ic ipated tha t  a sen io r  physicis t  wil l  be  avai lable  fo r  t h i s  

pro jec t  as  p r inc ipa l  inves t iga tor .  He would be a s s i s t e d  by M e s s r s .  

J. E. Gal l ico,  A. F. Mul l e r ,  R.  A. Schmal l  and T. A. Alexander .  

A l l  t e a m  m e m b e r s  have  had considerable  prev ious  exper ience  i n  

the proposed w o r k ,  ' Should the need a r i s e ,  ophthalmological 

consul tants  wil l  b e  m a d e  avai lable  through the Company. 

In addition, o ther  scient i f ic  m e m b e r s  of the staff wil l  b e  ava i lab le  

t o  contr ibute  t h e i r  spec ia l  sk i l l s  to the solution of the va r ious  

problems a s soc ia t ed  with th i s  r e s e a r c h  effort .  

p resented  on the  following pages.  

Thei r  r e s u m e s  a re  
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ARTHUR F. MULLER, Senior  R e s e a r c h  Mathematician 

Education: A.  B. Mathemat ics ,  St. Benedicts College 
M. S. Mathemat ics -Sta t i s t ics ,  Kansas  State University 
Completed additional c o u r s e  work in Mathematics  a t  
the Universi ty  of Wichita and  the Universi ty  of Dayton 

P r o f e s s i o n a l  
Affil iations:  Society fo r  Indus t r ia l  and Applied Mathematics  

Amer ican  Sta t i s t ica l  Associat ion 

Publ ica t ions :  Minimum Dis tances  f o r  Ret inal  Burn ,  AMRL-TDR-63-56 
Co-author  - A Study Cover ing  Util ization of Stat is t ical  
Data in Relat ion to  Design C r i t e r i a  Analysis  Techniques 

Exper ience :  Serving a s  a n  applied mathematician,  M r .  Muller i s  now 
engaged pr incipal ly  in the mathemat ica l  analysis  of data 
uti l izing the Ph i l co  2000 to revea l  the thermonuclear  
effects  on  the chor io re t ina l  region of the  human eye. He  
had previcus ly  conducted a n  extensive study on the ut i l i -  
zation of s ta t i s t ica l  data  in re la t ion to  design c r i t e r i a  
ana lys i s  and to  the design of IBM 7090 p r o g r a m s  for  a e r o -  
nautical  loads p r o g r a m s .  

During p r i o r  employment  with the Boeing Company, W i c h i t a ,  
Kansas ,  M r .  Mul l e r ' s  ma in  responsibi l i ty  was the ana lys i s  
of engine-to-wing configurat ions,  using mission p r o g r a m s  
wri t ten special ly  f o r  them.  M r .  Muller  a l so  worked on the 
ana lys i s  of s t r u c t u r e s ,  the resolut ion of aerodynamic prob-  
lems, and the design of 1BM 709 p r o g r a m s  with FORTRAN 
and machine language. His  va r ious  efforts included the 
per formance  of c r o s s - c o r r e l a t i o n s ,  au to-cor re la t ions ,  
mi s s ion  p r o g r a m  design,  r eg res s ion  ana lys i s .  and the 
writ ing of s e v e r a l  FORTRAN p r o g r a m s .  

Before  the Boeing Company employment ,  Mr .  Muller taught 
mathemat ics  a t  St. Benedicts Col lege,  Atchison. Kansas .  



ROBERT A. SCHMALL, P. E. , Associa te  P r inc ipa l  R e s e a r c h  Engineer 

Education: 

P ro fes s iona l  
Affiliations : 

Publications : 

Exper ience  : 

M. S. i n  Aeronautical  Engineering, University of Cincinnati 
Bachelor of Mechanical Engineering, University of Dayton 

Amer ican  Society of Mechanical Eng inee r s  
Dayton Society of P ro fes s iona l  Eng inee r s  

"The T r a n s f e r  of T h e r m a l  Radiation f r o m  a Point Source  to a 
P l a n e  Rece ive r ,  Both Source  and Rece ive r  Located Between Two 
Lamber t  P l anes ,  " ASD Technical Repor t  61-282, June 1961. 

Design and Operation of a Space Rendezvous Simulator,  AF APL 
TR-64-130, Air F o r c e  Sys t ems  Command,  Wright -Pa t te rson  Air 
F o r c e  Base ,  Ohio, October 1964. (coauthor)  

As  a staff m e m b e r  of t he  company ' s  Astronautics Division, M r .  
Schmal l  applies t he  t h e o r i e s  of mass and energy t r anspor t ,  dy- 
namics ,  and kinematics to per t inent  r e s e a r c h .  Included among 
h i s  ac t iv i t ies  have been the  investigation of the t h e r m a l  and p r e s -  
s u r e  c-fi::rs of nuc lear  detonations on manned and unmanned a e r o -  
nautical  s y s t e m s ;  the  computer  p rogramming  of t h e r m a l  and ove r -  
p r e s s u r e  inputs resu l t ing  from nuclear  detonations in  multiple 
combinations of yield, bu r s t  heig-it 
t he  design, development, and t e s t  of an advanced wind s h e a r  probe: 
the  des ign  of a hydraulically actuated acce lera t ion  sys tem;  and the 
des ign  and evaluation of var ious  s p a c e  maintenance concepts and 
equipment. M r .  Schmall  has  a broad  p rogramming  experience in- 
cluding use  of the  Donner Analog computer ,  machine language and 
ALGOL on the Burroughs  205 and 220,  and FORTRAN on the IBM 
1620 and 7094. 

and a tmospher ic  conditions: 

Ee fo re  joining Technology Incorpora ted ,  M r .  Schmall  was a re- 
s e a r c h  engineer f o r  the University of Davton Resea rch  Institute 
w h e r e  he worked on  heat t r a n s f e r  in a i r c r a f t  s t ruc tu res ,  the t r a n s -  
po r t  of energy through the a tmosphe re ,  t he  determination of air-  
c r a f t  r e sponse  in  the delivery of nuc lear  weapons, and the measu re  
m e n t  of l a s e r  outputs. He w a s  a l s o  a n  ins t ruc tor  in  the Mechanical 
Eng I ne e r ing De pa r t  m ent of :he U n  ive r s i t  y 

A s  a P r o j e c t  Engineer fo r  the  h r i r o n  Company, Inc., he was r e -  
spons ib le  f o r  the design, development,  and t e s t  of heat exchangers, 
pumps, valves,  and filters f o r  t he  chemica l  p rocess  industry. 



THOMAS A. ALEXANDER,  R e s e a r c h  Phys ic i s t  

Education: B. S. i n  Phys ic s ,  Louisiana State University 
M. S. in  Mathemat ics ,  Trinity University 

"Exper imenta l  Calibration of Semiconductor Detector 
Pulse-Height  Response to P ro tons ,  " Technical Docu- 
m e n t a r y  Repor t ,  No. SAM-TDR-63-21, 1963. (coauthor) 

Publications:  

Exper ience  : To s imula t e  light f r o m  nuclear weapons EO that nuclear 
rad ia t ion  effects may  be m o r e  thoroughly investigated 
f o r  a n  Air  F o r c e  Flashblindness p rogram,  Mr .  Alexander 
h a s  been  engaged in  r e s e a r c h  to gene ra t e  such light f r o m  
va r ious  high-energy sources .  Using data f r o m  Project 
Dominic in  the  Philco ZOO0 e lec t ronic  computer, h e  de-  
r i v e d  eye image  flux densit ies.  
m e a s u r e d  values with theore t ica l  ones based on weapon 
yield. 

Also h e  compared 

While a s soc ia t ed  with the U. S.  Air Force ,  Mr .  Alexander 
made  nuc lea r  measu remen t s  of charged  par t ic les  at  the  
Berke ly  and Minnesota acce le ra to r  facil i t ies.  
t a s k s  involved h is  evaluating solid s t a t e  radiation de tec tors  
To th is  end, he acqui red  seve ra l  si l icon detectors f r o m  
va r ious  manufac tu re r s  and tes ted  them for  dead l aye r ,  
junction width, noise figure,  gammas ,  charged pa r t i c l e s ,  
and neutrons.  In addition, t o  modify and calibrate the 
whole body counter ,  he equalized t h e  response of photo- 
mul t ip l ie r  tubes  by separa t ing  c r y s t a l  calibrations on 
a l a r g e  shielded plastic well  counter and summed the 
outputs of all tubes in  two sets of six fo r  conjunctive 
coincidence counting and display of Compton edges on 
a multichannel ana lyzer .  F u r t h e r m o r e ,  a design of 
a t r a n s i s t o r i z e d  c i rcu i t ry  for a m i s s i l e  shot required 
h i s  developing a c i rcu i t  to sample  solid state radiation 
de tec to r s  with var ious  shielding ma te r i a l s ,  providing 
ca l ibra t ion  leve ls ,  and feeding signals to a single t e l e m -  
e t ry  channel. 

Related 



ROGER L. BESSEY, Research Physicist 

Education: B. S. in Physics,  Yale University 
M.S. in Physics,  Purdue University 

Professional 
Affiliations: Sigma Pi Sigma 

Experience: M r .  Bessey has been applying various statistical and 
computational techniques to nuclear detonation data to 
determine the threshold positions and distances for  
permanent visual damage and temporary flash blindness. 
Various types of atmospheres, which govern the degree 
of nuclear effects transmission, the relative altitudes 
of the nuclear burs t  and the participating personnel, 
and the types of protective eye devices are among the 
vital parameters  of his research.  

On the faculty of Purdue University, he served in the 
Physics  Department. 
physicist for  the Army Quartermaster  Corps, he con- 
ducted flashblindness experiments with laser  models; 
by using 1 Mev Van der  Graaf generator and resistivity 
measurements ,  he studied energy for production of 
vacancies and intersit ials in thin metal  foils; and he 
constructed a shock tube. 

While engaged a s  a research  
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C. E. OELKER, Ph. D. ,  Director of Applied Physics Division 

Education : 

Professional  
Affiliations : 

Publications : 

Experience : 

B. S. in Electrical Engineering, University of Cincinnati 
M. S. in Physics, University of Cincinnati 
Ph. D. in Physics, University of Cincinnati 

Tau Beta Pi, Eta Kappa Nu, Sigma Xi, American Physical 
Society, Society fer  Industrial and Applied Mathematics, The 
Institute of Management Sciences, Instrument Society of 
America. 

"Design of a Two-Dimensional Ballistocardiograph, 'I Journal of 
,Clinical Investigation, Vol. XXIX, NO. 9, pp. 1219-1226, Septem- 
ber  1950. 

"A pallisto-Vectorscope, " Journal of Clinical Investigation, 1953. 

"Discussion of Iridium-Rhodium Thermocouples for Gas Tempera- 
tu re  Measurements up to 35@0°F, " proceedings of the ASME COT- 
bustion Conference, 1955. 

As director of Technology Lncorporated's Applied Physics Division, 
Dr. Oelker is responsible for the technical direction of all division 
projects.  Current projects in his division include research in  pho- 
togrammetry,  reconnaissance, information retrieval, and systems 
analysis. 

As president, manager,  and eo-founder of Randam Electronics Inc. 
Dr. Oelker was responsible for the company efforts i n  engineering, 
production, accounting, and sales .  The company develops; designs 
and manufactures tes t  equipment, instrumentatlon, intercommunica 
tion s e t s ,  and automatic controls. 

In the employ of the Cincinnati Dlvlsion, Bendix Corporation, Dr .  
Oelker was the director of the Engineering Department. In this 
role he supervised the development, design, and manufacture of 
new products, including nuclear instruments, nuclear reactor in- 
strumentation: time-of-flight mass  spectrometers viscometers;  
and automatic mi5 sile checkout equipment, 



C. E. OELKER,  Ph. D., Director of Applied Physics Division (Continued) 

As the manager of the Applied Mathematics Department, Crosley 
Division, Avco Manufacturing Corp. ,  he organized, staffed, and 
directed five groups : digital computation, analog computation, anal- 
ysis ,  planning, and computer development. Types of services  
embraced by these groups included sys tem analysis, special- 
purpose computer design, and d ig i ta l  and analog computer systems,  
While serving a s  the manager of the Missile System Development 
for  this company, he was responsible for the group effort in devel- 
oping sys tem concepts for a bomber defense missi le ,  a surface-to- 
air missi le ,  a surface-to-surface missi le ,  an anti-radiation air- 
to-surface missi le ,  and missi le  components including fusing sys-  
tems. 

When assigned to the technical direction of the Instrument Develop- 
ment Unit, General  Electric Company, Dr. Oelker guided company 
development of instrumentation to tes t  jet  engines and je t  compo- 
nents, including compressors ,  combustion chambers,  af terburners  
controls, and turbines. Related efforts involved the development 0: 
automatic data processing equipment, computers,  recorders ,  trana 
ducers ,  t ravers ing equipment, and new instrumentation techniques. 



JAMES E. GALLICO, Technical Edi tor  

Education: 

P r o f e s s i o n a l  
Affil iations:  

Exper ience :  

B. S. ( c u m  laude) ,  F o r d h a m  Universi ty  
Graduate  C o u r s e s  in  E l e c t r o n i c s ,  Georgetown Univers i ty  
Graduate  School 
U .  S. Navy Cer t i f ica te  in Long-Range,  Celes t ia l ,  A e r i a l  
NavigaEion 

Society of Technica l  W r i t e r s  and  Pub l i she r s  
Ad Dexterum Guild 

At Technology Incorpora t ed ,  M r .  Gal l ic0 is r e spons ib l e  
f o r  the complet ion of all final r e p o r t s ,  b rochures ,  and  
ins t ruc t iona l  and ope ra t iona l  manua l s .  His expe r i ence  
in scient i f ic  and engineer ing  communicat ion and teaching  
c o v e r s  m o r e  than 2 5  y e a r s .  

In the eimploy of the Univers i ty  of Dayton for 16 y e a r s ,  
he  se rved  in the following ro l e s :  
m a t i c s ,  ed i tor  of all p rospec t ive  student l i t e r a t u r e  ( m o r e  
than a mi l l ion  p i e c e s  w e r e  individually distributed!, and 
technical  edi tor  f o r  the Univers i ty’s  Resea rch  Ins t i t u t e ;  
h e  edited and p r e p a r e d  f o r  pr int ing m o r e  than 200 t ech -  
nical  publ icat ions.  A brochure  p r e p a r e d  for  the Non- 
meta l l ic  M a t e r i a l s  Labora to ry ,  A i r  F o r c e  M a t e r i a l s  
Cen t ra l ,  s e rved  as a guide f o r  a U .  S. Army study to 
e s t ab l i sh  a similar l a b o r a t o r y .  

With F o s t e r  Wheeler  Corpora t ion ,  which cons i s t s  of f ive 
engineer ing divisions, he  edi ted f o r  two y e a r s  i t s  monthly 
technical  journa l  “Heat Engineer ing” ;  this publication 
d is t r ibu ted  in bulk to  a l l  leading engineering schoo l s  i s  
used  a s  r e fe rence  l i t e r a t u r e .  

Be fo re  serv ing  d u r i n g  World W a r  11 a s  a commiss ioned  
o f f i c e r  in the U. S. Navy, w h e r e  he graduated f r o m  t h r e e  
Naval schools  :o i n s t ruc t  pi lots  in long-range ,  c e l e s t i a l ,  
a e r i a l  navigation, he taught ma themat i c s  and phys ic s  
a t  Loyola College of Bal!imore.  

p r o f e s s o r  of m a t h e -  



DUDLEY C. WARD, J R . ,  Sen io r  R e s e a r c h  Engineer  

Edu ca t  i on : B.A. E. , Alabama  Polytechnic  Inst i tute  

P r o f e s s i o n a l  
Aff i l ia t ions : Inst i tute  of Aeronau t i ca l  Sc iences  

Pi Tau  S igma  National  Honorary  Mechanical  
Engineer ing F r a t e r n i t y  

Publ ica t ions :  (1) S t ruc tu ra l  Design C r i t e r i a  Rel iabi l i ty  Integrat ion 

( 2 )  

( 3 )  

An Invest igat ion of Var iab le  Wall Diffusers  

A Study Cover ing  Util ization of Stat is t ical  Data  in  
Relat ion t o  Design C r i t e r i a  Analysis  Techniques 

S t ruc tu ra l  F l igh t  Loads  Data  f r o m  F-1OlA and 
F - 1 0 1 C  A i r c r a f t  - ASD-TDR-62-912 (Vol. II) 

Maneuver  F l igh t  Loads Da ta  f r o m  RF- IOIC A i r -  
c r a f t  - ASD-TDR-62-923 

(4j  

(5) 

Expe r ie  n c e : M r .  Ward  i s  a m e m b e r  of the  Aeronaut ica l  Staff of 
Technology Incorpora ted .  In this  capaci ty ,  he h a s  been 
r e spons ib l e ,  under  A i r  F o r c e  Cont rac t  A F  3?(616)-8467, 
fo r  the r e s e a r c h  a s soc ia t ed  with uti l izing s ta t i s t ica l  da ta  
in re la t ion  t o  des ign  c r i t e r i a  ana lys i s  techniques.  Under 
Cont rac t  A F  3 3 ( 6 5 7 ) - 8 3 7 3 .  Mi-. W a r d  w a s  respons ib le .  
in conjunction with A S D ,  for the s a f e  positioning of t e s t  
a i r c r a f t  dur ing  Opera t ion  DOMINIC and sa fe  escape  
calculation fo r  the  de l ive ry  and ground z e r o  a i r c r a f t .  
He is p re sen t ly  supe rv i s ing  the review of the F-106,  
F - l O l B ,  and F 4 H -  1 Nuclea r  Weapons Delivery Hand- 
books fo r  poss ib lc  rcv is ion  and  modif icat ion.  T h i s  
review includes r igorous  s t r u c t u r a l  analysis  based  
upon expected t h e r m a l  and o v e r p r e s s u r e  inputs 

\Vhile w i t h  the U . S .  A i r  F o r c e ,  M r .  Ward superv ised  
the de te rmina t ion  of f a i lu re  modes  a n d  the determinat ion 
of those techniques which w e r e  iuti1izt.d to  r e -e s t ab l i sh  



DUDLEY C. WARD, JR.  (continued) 

a i r c r a f t  a i r  wor th iness .  M r .  Ward  was fo rmer ly  
assoc ia ted  with McDonnell A i r c r a f t  Corporation where  
he was  responsible f o r  the determination of aerodynamic 
loading of the Talos 6 c l  wing. 
aerodynamic  influence coefficients (in ma t r ix  form) to  
obtain an ae roe la s t i c  loading distribution, determining 
the critical wing loading condition as influenced by 
f r e e  sk in  t empera tu re ,  and using this c r i t i ca l  condition 
to  qualify the wing in  s t a t i c  test. 

M r .  Ward  w a s  assoc ia ted  wi th  the GAM-72 Missile Pro- 
gram where  he worked on s u c h  problems as s h e a r  and 
bending moments ,  theore t ica l  nose p r e s s u r e s ,  and s t r u c -  
t u r a l  design c r i t e r i a  for low leve l  launch configurations. 

Under A i r  F o r c e  Cont rac t  A F  33(616)-6677, h e  was re- 
sponsibie f o r  t h e  recomrtendat ions  concerning Missile 
S t ruc tu ra l  Design C r i t e r i a  Requirements and as a r e su l t  
of the r e s e a r c h  n e c e s s a r y  t o  define these  requi rements ,  
was  responsible for deveioping the application of power 
s p e c t r a l  density techniques to  gust loads ana lys i s .  

P r i o r  to joining McDonnell A i r c r a f t  Corporation, he w a s  
assoc ia ted  with E a s t e r n  Ai r l ines ,  Inc. where he worked 
on loads problems and flight operations.  

M r .  Ward is present ly  attending the Ohio State Graduate 
School where  h e  is studying f o r  an advanced degree in  
Aeronautical  and Ast ronaut ica l  Engineering. 

This included combining 



ARTURO V. SERRANO, R e s e a r c h  Phys ic i s t  

Education: B. S. in  P h y s i c s ,  St. Mary ' s  University 
Armament  and  E lec t ron ic s  Sys tems Maintenance 
Officer C o u r s e  
Elec t ronic  Coun te rmeasu res  Systems Maintenance 
Officer C o u r s e  
GAM77 Sys tems  Maintenance Officer Course  

Exper ience :  M r .  S e r r a n o  h a s  been analyzing various effects on 
e lec t ronic  s y s t e m s ,  subsys tems,  and the i r  components 
in  steady s t a t e ,  space ,  and transient environments. 
The effects include EMP,  thermal  radiation, and other 
phenomena emanating f r o m  nuclear detonations; a l so  
alpha, be ta ,  g a m m a ,  neutron, and cosmic  radiations 
existing in  nonnuclear-weapon environments. F r o m  
these  s tud ie s ,  h e  pred ic t s  the overa l l  effect that  a 
pa r t i cu la r  environment will  have on the per formance  
of the s y s t e m s .  Then a f t e r  defining c i rcu i t  hardening 
r equ i r emen t s  and techniques, he recommends  design 
changes. Also,  he establishes the design c r i t e r i a  for 
ins t rumenta t ion  s y s t e m s  to  be subjected to  nuclear 
radiation environments in  t e s t s  to de te rmine  weapon 
sys t em vulnerabili ty to nuclear weapons e f fec ts .  

As a maintenance  of f icer  in  the U. S. Air F o r c e ,  
M r .  S e r r a n o  w a s  active in  a rmament  and electronics 
(avionics) maintenance fo r  B-52 a i r c ra f t  and AGM28 
( fo rmer ly  GAM77) mis s i l e s .  
ana lyses  of m a t e r i a l  fa i lure  t rends  to de te rmine  mean 
t ime- to- fa i lure  r a t e s  of electronics sys t ems ,  such as 
c o m p a s s e s ,  gyro  compasses ,  radio compass ,  a s t ro  
c o m p a s s e s ,  U H  and V H F  t r ansmi t t e r s  and r ece ive r s ,  
bomb-nav r a d a r  s y s t e m s ,  eiectronic w a r f a r e  sys t ems ,  
r a d z r  cont ro l led  ta i l  t u r r r t s ,  mechanical, digital and 
analog compute r s ,  i ne r t i a l  guidance, and flight control 
s y s t e m s ,  a r m i n g  and fuzing sys tems,  and a l l  subsys- 
t e m s  and equipment re la ted  to a i r c ra f t -mis s i l e  in te r -  
f a c e s .  In addition, he cor re la ted  component fa i lure  
data with malfunctions experienced within sys t ems  to 
de te rmine  those  components which have a significant 
effect on the  reliabil i ty and effectiveness of the ove r -  
a l l  weapons s y s t e m s .  

Also he per formed 



PATRICK W. WILSON, JR.  , Junior  Resea rch  Physicist  

Education: B. S. i n  Phys ic s ,  St. Mary ' s  University 
Studies in  Elec t ronics  in  U. S. Navy 

Exper i ence :  Assigned t o  basic r e s e a r c h  on the  human eye, M r .  
Wilson has  been active in the design, fabrication, 
calibration, and operation of instrumentation 
s y s t e m s  to  facil i tate this r e sea rch .  

While se rv ing  the  U. S. Navy, Mr. Wilson main-  
tained and operated various electronic mechanisms,  
including a i rbo rne  communication, navigation, 
c o u n t e r m e a s u r e s ,  and antisubmarine w a r f a r e  
equipment. 



E A R L  R LAWLER, JR , Junior  R e s e a r c h  Phys ic i s t  

Educat ion:  B. 5 i n  P h y s i c s ,  St. M a r y ' s  University 
Graduate  c o u r s e s  i n  phys ics ,  St M a r y ' s  Univers i ty  

Exper i ence :  M r .  Lawler  has  been ac t ive  in  the design,  fabr ica t ion ,  
and  opera t ion  of a high-intensi ty  sou rce  which s i m u l a t e s  
the  l ight emanat ing f r o m  a nuclear  detonation. Such a 
s o u r c e  will  be used  in  investigations to  d e t e r m i n e  the  
e f f ec t s  of high-intensity light on the an ima l  and human 
eye  His e f f o r t s  a l s o  involve the  design, f ab r i ca t ion ,  
ca l ibra t ion ,  and operat ion of ins t rumenta t ion  s y s t e m s ,  

With S i m m e s  Elec t ronics ,  h e  w a s  engaged in  the  des ign  of 
t r a n s i s t o r i z e d  switching c i r c u i t s ,  such a s  Schmi t t  t r i g g e r  
and  mul t iv ibra tor  c i rcu i t s .  His effor ts  t h e r e  a l s o  in-  
volved a r t i f i c i a l  intell igence and pa t t e rn  recogni t ion 

While se rv ing  with the Air  National Guard,  h e  a t tended  
the  E lec t ron ic s  School and  Weapons Control  S y s t e m s  
Mechanics  School, both at  Lowry Air F o r c e  Base ,  Col- 
o rado  C o u r s e s  covered  the M G - I 0  and MG-13  r a d a r  
s y s t e m s  incorpora ted  in the F -101  and F - 1 0 2  f igh te r -  
i n t e rcep to r  a i r  c r a f t  

When employed in the Plant  Engineer ing Depar tment  of 
t he  Southwestern Bell Telephone Co 
with p rob lems  r e l a t ed  to  the  location. d i s t r ibu t ion ,  and 
loading of cables  

he w a s  concerned  



R A U L  SAN MARTlN, M. D., Associate P r inc ipa l  Biomedical Scientist 

Education: M. D. University of Mexico Medical School 
B. S. University of Mexico 
M. S. in  Biomedical Engineering, Drexel Institute of 
Technology 
Graduate training in Biophysics and Biochemistry,  
University of Michigan 
Graduate training as a R e s e a r c h  Fellow i n  Physiology 
a t  Harva rd  University Medical School 
Visiting Fellow in  Hematology at the  Pratt Diagnostic 
Hospital, Tufts University Medical School 

P ro fes s iona l  
Affilications: The Physiological Society of Philadelphia 

The Amer ican  Association for the Advancement of Science 
The New York Academy of Sciences 

"Embriological and Physiological B a s e s  fo r  the Surgical 
T r e a t m e n t  of Intestinal Obstructions" Doctoral thes i s ,  
Mexico, D. F., May, 1949, Facultad de hledicina, 
Universidad Nacional Autonoma de  Mexico. 

"Vomiting in  Infants, Classification, Physiopathology and 
Trea tmen t  of the Electrolytic Unbalance. " R a d  San JMartin 
M. D.,  F r a n c i s c o  Rivadeneyra M. D . ,  and Car los  Garc ia  
de  Leon M. D.,  Pedia t r ic  Society of Michoacan. Awarded 
the Nes t le ' s  Annual P r i z e  fo r  Ped ia t r i c s .  
Michoacan, Mexico. 1956. 

"Phase  P lane  Analysis of the Ventricular P r e s s u r e  Curve"  
Thes i s  f o r  Mas te r  of Science in  Biomedical Engineering 
degree .  Philadelphia, Pennsylvania, June, 1964. Drexel 
Institute of Technology. 

The responsibil i t ies of D r .  San Mar t in  include coordinating 
r e s e a r c h  in  Siomedical Engineering. He is a l s o  respon- 
s ib le  fo r  the exploration of new ideas  and methods, a s  

well a s  for, the i r  applications i n  the biomedical and space 
physiology. 

Publications:  

Morelia,  

Experience: 



RAUL SAN MARTIN, M. D. (continued) 

F r o m  1962-1964, D r .  San Mar t in  w a s  awarded  a grant as 
a Special Fellow f r o m  the United States Public Health 
Service t o  enable him t o  pu r sue  his biomedical engineering 
training at Drexel  Insti tute of Technology. During this 
time, he stuaied s e v e r a l  c o u r s e s  in  mathemat ics ,  physics, 
c i rcu i t  theory, analog computer,  sys t ems  engineering, 
b iosys tems,  i n s t rumen t  theory  and o thers .  

While serving as  a m e m b e r  of the faculty of the Jefferson 
Medical College, Philadelphia, Pennsylvania, h i s  work 
consisted of l abo ra to ry  guidance t o  the med ica l  students ' 

and advisory work  f o r  graduate students. During this 
t ime ,  he was working on a pro jec t  which consisted of 
intercommunicating the co rona ry  sinus with the  left ventri-  
cu l a r  chamber  i n  o r d e r  to improve the co rona ry  circulation 

At the University of Michoacan Medical School, Mexico, 
for six y e a r s .  Dr .  San Mar t in  w a s  Chai rman of the Depart-  
men t  of Physiology and full-t ime professor ,  lecturing in 
Human and Genera l  Physiology to  the f i r s t -  and second-year 
medical students. During th i s  t ime ,  he was in  charge of 
designing the new l abora to ry  of Physiology for the school, 
selecting the r e spec t ive  equipment and organizing the lab-  
o ra to ry  p r o g r a m  f o r  both subjects.  
fo r  the introduction of the  flame photometer into the clinical 
p rac t ice  i n  More l ia .  
s t ra t ion  of Einthoven's projecticns on the s tandard  leads.  
He developed a method for the gravimet:ic quantitation of 
water in  the blood. 

Before this appointment, D r .  San Martin f i l l ed  tile same posr 
f o r  two yea r s  a t  the  University of Puebla Medical School, 
Puebla, Mexico. During this t ime he was a l s o  Chief of 
the Clinical Labora to r i e s  of the Hospital Latino--4mericar.c 
of that city. 
he had worked a s  a night doctor for two y e a r s  before r e -  
ceiving h is  W, K. Kellogg Physiology Tra in ing  Fellowship. 

He w a s  responsible 

He developed a model f o r  the demon- 

Previous ly ,  in this same hospital ( 2 0 0  beds) ,  



RAUL SAN MARTIN, M. D. [continued) 

In  1951 he s t a r t ed  th i s  fellowship at the University af 
Michigan where  he received spec ia l  t ra in ing  i n  Biophysics 
and Biochemistry.  
a s  a r e s e a r c h  fellow, he participated in a p ro jec t  that led 
t o  the publication: 
with Mild Valvular Les ion  of the  Hear t  and i n  Dogs with 
Congestive Failure".  Am J of Ph.  Vol 180: No. 2, Feb. 
1955. A. C. Barge r ,  R. S. Ross and H. L. Price. In 
1953, Dr .  San Martin was  a Visiting Fellow i n  Hematology 
and Clinopathology under D r .  William Damesheck a t  the 
Pratt Diagnostic Clinic of the  New EnglaDd Center Hospital 

In  1952, at  Harva rd  Medical School, 

"Reduced Sodium Excre t ion  in  Dogs 



RUSSELL L. J E F F R I E S ,  J R .  ;' R e s e a r c h  Engineer  

Education: 

P ro fes s iona l  
Affiliations : 

Experience: 

Bache lo r  < E l e c t r i c a l  Engineering 
Universityf3f Dayton 

Insti tute 0: Radio Eng inee r s  

M r .  J e f f r i e s  h a s  been designing and developing a ground 
station to  r ece ive ,  digit ize,  and  t r a n s c r i b e  onto magnet ic  
tape  a tmosphe r i c  data t e l eme te red  f r o m  a f r e e - f a l l  wind 
s h e a r  probe. Concurren t ly ,  he has been investigating the 
r equ i r emen t s  for  fu ture  monitoring and recording of t h e r m a l  
radiation in the  v i s ib l e  s p e c t r u m  from nuclear detonations 
a s  wel l  2 s  process ing  such  d a t a  acqui red  f r o m  previous  
t e s t s .  His  prev ious  ac t iv i t ies  in  e lec t ronic  r e s e a r c h  w e r e  
m o s t l y  in  the domain of bioengineering. 
in ;he design, fabr ica t ion ,  and t e s t  of a sys t em to m e a s u r e  
the  mechanica l  impedance  of th2 human body; in  r e s e a r c h  
on the vibration e f fec ts  on human subjec ts ;  in the  d e t e r m i n -  
ation of the to l e rances  f o r  high- and low-frequency sinu- 
soidal and random vibration; and in the investigation of the  
e f f ec t s  of low-frequency sinusoidal vibration on v isua l  
acuity,  speech t r a n s m i s s i o n ,  and hear ing .  Other physio- 
logically or ien ted  r e s e a r c h  included abrupt  dece lera t ion  
t e s t s  on components of the M e r c u r y  and Gemini space -  
c r a f t ,  r e s e a r c h  on retina1 b u r n s  and flash blindness due 
to nuc lea r  detonations, development of instrumentation 
to m e a s u r e  nuc lear  effects, deign and development of a 
physiological moni tor  to m e a s u r e  vital  human functions,  
and design and development of analog computers  appli- 
cable to  bionics s tud ie s .  

He w a s  engaged 

During previous employment with the University of Daylon 
R e s e a r c h  Insti tute,  M r .  J e f f r i e s  vjas responsible for  the 
main tenance ,  installation, and modification of v a r i o u s  
types  of data reduction equipment and its assoc ia ted  input- 
output devices.  He 3150 worked on the design and develop- 
m e n t  of a digital-to-analog conver te r  a n d  a n  automatic 
tes t  scor ing  machine used  by the University's Guidance 
C e n t e r .  



BRIAN ARMENT, Scientific P r o g r a m m e r  

Education: B, A. in Mathematics,  Wilmington College 

Experience: Mr. Arment ha3 been designing a system for  the normaliza- 
tion and diagnostic analysis of electrocardiographic data. 
Engaged principally in  the processing of physiological data, 
M r .  Arment w r o t e  severa l  computer programs to per form 
the following operations : correlation of respiration and 
hear t  ra tes  of human subjects experiencing various events 
before undergoing impact tes t s ,  analysis of data f rom dogs 
subjected to  vibration t e s t s  t o  determine the i r  resp i ra tory  
and hemodynamic responses ,  and computation of parameters  
associated with human subjects used in impact tes ts  fo r  
center-of-mass shift studies. Using nuclear detonation data 
he wrote a computer program to normalize and integrate 
the total i r radiance and radiant exposure. 

In the performance of his  assignments, he has  acquired a 
working knowledge of a l l  phases of data processing, f r o m  
the reduction of raw data in analog fo rm to  the digital con- 
version a n d  subsequent analysis of the refined data. 
has written p rograms  in  FORTRAN 11 and IV for  the IBM 709. 
computer and has operated the D. E. C. PDP-1 computer. 

He 



RICHARD E. HORN, P h .  D . ,  Consultant 

Education: Ph. D. in Optometry ,  Ohio State University 

Publications : (1  1 A Method f o r  Simulated Night Flying I h r i n g  Daylight 
Hours ,  WADC Technical Repor t  54-505, Wright Ai r  
Development Center ,  Wright -Pa t te rson  A i r  F o r c e  
Base ,  Ohio, October 1954. 

In f r a red  Skiascopic Measuremen t s  of Refractive Change 
in  Dim Illumination and in Darkness ,  WADC Technical 
Note 55-479, Wright A i r  Development Center ,  Wright- 
Patterson Air F o r c e  Base, Ohio, August 1955. 

" Inf ra red  Skiascopic M e a s u r e m e n t s  of Refractive Chang 
in Dim Illumination and in Darkness ,  " J. 0. S. A. , 
Vol 46, No 1,  Janua ry  1956. 

Visual Recovery  T i m e s  f r o m  High Intensity F la shes  of 
*, WADC Technical Repor t  58-232, Wright Air 
Development Cen te r ,  Wr igh t -Pa t t e r son  Air F o r c e  Base 
Ohio, October  1958. 

"Visual Recovery T i m e s  f r o m  High Intensity F la shes  of 
Light , "  A m e r .  J .  of Optometry ,  Vol 36, No 12 ,  
December  1959. 

Flashblindness during Nuclear  Operations,  WADC Tech 
nical  Repor t  58-642, Wright A i r  Development Center ,  
Wr igh t -Pa t t e r son  Air F o r c e  Base ,  Ohio, December 195 

( 2 )  

( 3 )  

(4)  

(5) 

( 6 )  

Exper ience :  Serving a s  a consultant to Technology Incorporated,  Dr.  Hor 
provides  support  in  r e s e a r c h  on f l a sh  blindness and re t ina l  
impa i rmen t  resu l t ing  f r o m  nuclear  weapon detonations and 
on the development of design c r i t e r i a  for  eye protective de- 
v ices .  Included among vital  p a r a m e t e r s  studied a r e  various 
types  of a tmosphe re ,  which govern  the degree of nuclear ef- 
f e c t s  t r ansmiss ion ,  the re la t ive  alt i tudes of the cuc lezr  bur! 
and t h e  participating pe r sonne l ,  and the types of protective 
eye  devices.  



RICHARD E. HORN, Ph. D. , (continued) 

In addition to  the private practice of optometry, Dr. Horn's 
activity has inc1uded.research for the Vision Section, Aerc- 
space Medical Research Laboratories. While engaged a s  a 
project engineer and la ter  as an assistant chief in thie labo- 
ra tory,  Dr. Horn's efforts included the following studies: 
eye protection from nuclear weapon detonations, space 
vision, basic pa rame te r s  of visual function, visual recovery 
from high-intensity light flashes,  eye-protective equipment, 
electromechanical goggles, phototropic mater ia ls ,  night and 
space myopia, infrared retinoscope, simulation of night 
flying during the daytime, and nuclear radiation effects on 
the eye. 
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During the summer  of 1965 Technology Incorporated will move into 
a 30,000-square foot plant to be constructed on a 12-acre site 
within a half mile OL the center of both the Wright-Patterson Air 
F o r c e  Base complex and the new State University. The n a y  plant 
will encompass and expand the present two Dayton facilities which 
a r e  described in the following paragraphs. 

The present principal Dayton facility is located at 3090 Richfield 
Center, Dayton, Ohio 45430. 
square foot floor area and contains administrative, engineering, 
research,  and data processing sections. 
ditioned and soundproofed throughout. 
areas a r e  separated f rom supporting areas to insure an  efficient 
and creative environment fo r  scientific personnel, 
have ready access  to a comprehensive l ib rary  containing cur ren t  
product catalogs, technical publications, DDC documents, mili tary 
specifications, technical books, periodicals, and journals. A lab- 
oratory and model shop equipped with electronic tes t  apparatus and 
machinery are integral  sections of the main plant; also a "clean" 
room enablee manufacturing and product6 to meet  exacting NASA 
standards. 
reproduction, and other support activities are also available. 

The second Dayton facility, a complete machine shop facility a t  
5132 Bower Avenile, Dayton, Ohio, provides an additional 5800 
square feet of fabrication capability. 

Another recent acquisition is the plant at 8531 N. New Braunfels 
Avenue, San Antonio, Texas 78217. 
square feet, was acquired to provide facilities for the newly organ- 
ized Texas Division of Technology Incorporated to serve more  ade- 
quately our customers  in the Southwest. 
f o r  research,  design, development, and manufacturing functions. 

Engineering liaison offices to serve o w  customers in the East, 
Southwest, and West a r e  located, respectively, as follows: 7250 
Edsall  Road, Alexandria 12, Virginia (Tel.: 703, 354-6311); 5731 
Gulf Freeway, Houston 23, Texas (Tel. : 
6305 Woodman Avenue, Suite 106, Van Nuys, California (Tel. : 213, 

This modern complex has a 14,000- 

I t  is completely air con- 
Research and engineering 

Staff members  

Drafting, technical writing, printing and photographic 

This plant, comprising 10,000 

It is staffed and equipped 

713, WA-3-8775); and 

781-2720). 

Technology Incorporated holds a Department of Defense Secret  
facility clearance. 
t rol  procedures now in effect have been approved for Government 
contracting. 

The accounting, purchasing, and property con- 



Spacioils. well-l ighted work areas 
now totaling about 35.000 square 
feet  wi l l  expand to more than 
45 ,000  square feet by the summer 
of 1965. 

, . . reception room . . . conference room 

Air-conditioned, soundproofed 
faci l i t ies  and separation of resear 
and engineering rooms from sup- 
portins areas  e n s u r e  optimum wo 
ing conditions 

-ch 

rk-  



LABORATORIES 

Implementing the Quality 
Control  program. the Clean 
Room ensures that manu- 
f a c t u r i n g  and products com- 
ply with the cleanliness r e -  
quirement  of any Govern- 
ment agency. 

Developmental and environ- 
mental t e s t  laboratory. 
Among the  prototypes tes ted  
he re  a r e  flow meters and 
modular electronic packages 
fo r  applications such a6 a i r -  
borne blood-pressure mea-  
suring systems.  Exhaustive 
cold chamber and oven t es t s  
ensure functional s tabi l i ty  over 
a wide range of tempera tures .  

Precision work and minor fabrication are performed in this facility supporting the electronics laborator ies .  



SUPPORT FACILITIES 

Library contains current product 
catalogs, technrcal publicaticrs, 
DDC documents, military speci- 
fications, periodicals, and journals. 

Engineering Design and Technical 
Art Department. Here are pre-  
pared all engineering drawings, 
ichsmatica. flow charta, and 
technical illustratlona presenfed 
in  reports, specification Pheetr, 
and manuals. 

Xerox 
Model I offset duplicator fcr 
single and multiple copy reproduction. 

c l  914 copier and ht to  

N I I - A ~ C  p l s l r  burner  and Xerox b 
c a r n e ~ a  for 0 i f3c t  i cpzodunbls  c '  

binding. 
far  cutting. collat ,ng,  
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LABORATORY TEST EOUIPMENT 

Quantlty Deacription 

I 
1 
1 
I 
1 
1 
I 
1 
I 
1 
1 
2 
1 
I 
I 
I 
1 

20 
4 
z 
2 
4 
5 
8 

21 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
I 

Ai r  Sampler ,  Sentry Model 25101 
Amplif ier  (hl-fi), Model EEO2254 
Amplif ier  (high galn), Tektronix Type D 
Amplfffer (a t ra in  gage). Central  Eng. Model #3AC 
Balance (tr iple beam),  Ohaua Scsls Corp. - max C. 2 6 0 0 ~  
Barometer ,  Aloe Model IV9120 
Barometer .  P r e d s l o n  Instrument Model 9434 
Bridge (general  radio). Orthonull CRL 
Bridge (impedance). Heath, lB-ZA, 1009-07794 
C a m e r a .  Graf lex Model XCF905 
Capaci tes ter .  Model CT-I 
Clean Bench. F a r r  Model C-6 
Counter ,  Hewlett-Packard Model I 5 2 2 8  
Counter  (frequency). Hewlett-Packard. I 5LIC1909 
Counter (frequency). Hewlett-Packard,  1032-04585 
Curve T r a c e r  ( t ransis tor) .  Technology Incorpori tsd 
Curve T r a c e r  ( t rans is tor ) ,  Tektronica,  Type 515  
&code (capacltance) 
Decade (capacitance). Heath 
Decade (capacitance),  Model CDA-5 
Decade (capacitance),  Model CDB-5 
Decade (resis tance) ,  Heath 
Decade (resis tance) ,  Eico Model 1171-W 
Decade (reals tance) ,  Leeda and Northrup 
Decade Res is tors  
Distortion Analyr,er,-Hewlett-Packard, HO 2330B 
Dril l  P r e s s  (precision),  Dumore Model 16-021 
EPUT and T i m e r ,  Beckman Model 7 3 5 0 4  
F a n  (centrlhrgal) ,  Glarage Model 309-G Type 0 
Flow Element (precision, lamlnar) ,  Mer iem Model 50MH10-1 
Flow Element (precision, laminar),  Mer lam Model 5OMJlO 
Flowra tor ,  F l e r h e r  and P o r t e r  Model IOA2735A-LK 
Generator  (R. F. signal)  
Generator  ( R .  F. signal) ,  SG-8 
Generator  ( s igna l ) ,  Washlngton Inat. Tech. Model /43-41 
Genera tor  (signal) ,  F e r r l s  Model r l 8 F S  
Generator  (s ine square),  AGlO 

1 Grinder ,  l h r n o r e  Model 1-111 
I 
I Indicator ( lemperature)  
I L a m i n a r  Flow Element. M e r r i a m  Inst. Model 50MH10-1 
2 Magnllying Lamps, Lux0 
1 
2 

I Manometer  (mercury) ,  multiacale 
1 Meter  (diatortion). HD-1  
I 
1 
2 Metcr  (microamp),  Simpson (Shell) 
1 
I 
1 
1 
1 

Heat Exchanger,  Prefex Model RBS-640-132 

Magnifying Light (5  power). 8 in. diameter 
Manometer  (inclined tube), M e r r i a m  Modal 4OHE35WM 

10 Manometer  (water)  

Meter  (gr id  dip), Mlllen Model F718 
Meter  (gr id  dip), Millen, w/coils 

M e t e r  (multipurpose),  International Model M2548-2 
Meter  (meg. ohm), General Type 1862-C 
M e t e r  (volt), Bal lan the  Lab. Model Y302B 
M e t e r  (volt), D. C., Fluke, Model 801 
M e t e r  (volt), Hewlett-Packard Model 14OOH 



DATA PROCESSING AND REPRODUCTION FAClLlTlES 
Qusntlty Deacr  ipt Ion 

I 
I 

1 
1 
1 
1 

15 
1 

I 

1 
15 

1 
1 
1 
1 
1 
2 
I 

Calculator  (desk ) ,  Marchant  
C a m e r a ,  Crown  Graphic "45"  
Dlazo Machine,  Brunning 42". "Revoluts't 
Nu-Arc P l a t e  Burne r  
Offset  Duplicator "Ditto". Model L-16 
Osc i l log raph  Reade r ,  Benson-Lehner  Model O s c a r  "K" 
Photographlc  S t e r o  Vlewer with Key Punch and Type 
Readouts  
Photograph Reade r ,  Benson-Lehner  Modcl0ec.r N-2 
with Key Punch  and Type Readout. 
P l a n l m e t e r ,  A. Ott 
Punch  (key), IBM Model 026 
Punch  (reproducing),  IEM Model 519 
Sca le  (var iable) ,  C e r b e r  
S o r t e r ,  1BM Model 082 
Tabu la to r  (accounting). IBM Model 407 
V e r l f i e t ,  IBM Model 050 
Xerox No. 4 C a m e r a  
Xerox 914 Cop ie r  

MODEL SHOP FACILITIES 

Ruantity Descr lpt ion 

I Anvil (Swedish s t ee l ) ,  30 In. 
I Blocks (p rec i s ion  gage), Weber  
I Ca l ipe ra  (ve rn le r ) ,  Lufkjn - 6 In. 
1 C a l l p e r s  iadj. feel) ,  Lufkin - 1 to 20 It,. lnclumlvo 
1 C o m p r e s s o r  ( a l r ) ,  MIlwaukee Model CZ02 - 2 In. by 

1 
1 
I 
I Emboss ing  Tool, Dymo 
1 Engraving Tool,  Speedway 
1 
I Fll lng Machine (table). Oliver  
1 
1 
1 

1 

1 
1 
I 

2 
I 

1 

2 

1 

1 

3 in. s t r o k e ,  1 1/2 H. P. 
Drlil  (f lexible shaft) ,  C r a f t s m a n  - 1/2 H. P. 
Dril l  (hand), Black and Decker  - 1/2 In. hapacity 
Dri l l  (hand). Shoprnate - 1/2 In. capacity 

E tche r  and Demagnltluer (electrical). Daytrol Model I00 

Gage, Height,  Brown and S h a r p s  - 18 In. 
Gage. Helght, S t a r r e t  Model 454 - 12 In. 
Gage, Small  Hole (I/.? ball), Lufkln Model 785 - 
Gage, Teleacoping ( r o d  type).  Lufkln Model 79L - 
Gage, Wi re  (round),  General  Model 20 - No. 1 to No. 36 
Gage. Lay-out  ( round-base,  s tandard) ,  F i i r f l e ld  - 6 In. 
Gage, Radius (flat ,  Brown and Sharpe) - 1/32 In. t o  

Gages,  Su r face  (flat base ) ,  Lufkin - 6 In. and 1 2  In. 
Grinde r  ( su r face ) ,  Covell Model 7A - 11 3/4 In. Height, 

Gr inde r  ( internal-external) ,  Brown nnd Sharpe Model 

Gr inde r  (6 in. snag ) ,  Tool Line Model 2645551 - 
Grinde r  (10 in. snag),  Standard Model 622445 - 
Grinde r  (hand), Dumore Model 8-021, 121900 - 

1/8 in. t o  I/Z in. 

I / L  In. t o  6 in. 

I/.? in. 

6 In. x 12 in. chuck 

3275 - f 1.  18 In. between centera 

polishing and buffing wheels  

pollshlng and buffing ehee l s  

0 to 118 In. J acobs  Chuck 
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Ascertaining a c c u y a t e  l e v e l s  oi humzn tolerance to  fo rces  of abrupt deceleration through test and calibration 
w a s  t h e  p r lme  oblrctive oi Contract .AF 31(b16)-6?70. 
Research  Labora tor ies .  involved t h e  design of instrumentation and a "fail-safe" control 
equipment,  the Vertical  Deceleration Tower Located at Wright-Patterson Air Force B ~ ~ ~ .  
computer l o r  data optimizing before recording was designed. constructed, and incorporated into the re- 
cording system. 

Under Contract N 62269-2264, sponsored by the U. S .  Naval Air Development Center, ~ ~ ~ h , - , o l ~ ~  ~ ; o r p o r ~ e d  
ia expanding the capability of a multivlsual optical device designed f o r  nuclear flash blindness erperimenta- 
tion. 
Prede termined  by digital computation, data f o r  tes t  parameters ,  such as target-surround lumiomcc. flicker 
r a t e s ,  and ta rge t  positioruna. wi l l  be fed  through tape  or cards  as simulated input to the optical device and 
the  resulting signal output will be supplied to an analog-to-digital converter to generate a data format corn- 
patible with a s tandard  electronic computer. 

To acqui re  flight l eads  data for Contract AF 33(616\-7593. Technology lncorporatcd installed and maintained 
recording systema in thirty F - I O I A  and C and th i r ty  RF-101 a i rc raf t ,  assigned to a i r  bases in England, 
F r a n c e ,  and Libya. 
mine  the load spec t rum fo r  fatigue life evaluation. 
s t ruc tu ra l  design c r i te r ia .  

Under subcontract PO4364 with IBM. Technology hcorpora t ed  has been applying various techniques to in- 
complete photogrammetric data to study methods for rectif*ng photographic images. 
mining photogrammetric pa rame te r s  obtained from ground control data. object plane coordinate- a r e  derived 
as functions of image plane coordinates. Projective geometry concepts a r e  employed; and specific techniques 
include i terative solutions, least  mean aquarc f i t s .  and solutions of over-determined systema of linear over- 
homogeneous equations. 
t ransformat iona l  ma t r i ces ,  variances of object plane dimension!, a r e  derived. Photogrammetric parameters  
a r e  solved through ma t r ix  manipulations invulving inverse,  transpose,  and multiplicative operations. 
IBM "Storm" Matr ix  Manipulatioaprogram is being used t o  solve over-determined ryltema of linear equation.. 

Research  completed under Contract A F  33(616)-7440 included the design, fabrication, calibration, and test  
of a complete electronic instrumentation syatcrn involving three  RF  telemetry linka Cor io-flight testing of 
8 - 5 8 .  RS-70, and Dyna Soar Emergency escape sys tems.  Anthropomorphic dummies and two B-58 escape 
capsules  were instrumented: a semiautomatic control sys t em for the instrurnentatian.and ejection sequencing 
w a s  installed in the tes t  vehicle: and a mobile van facility with test data receiving, recording, discriminatmn, 
playback, and display capabilities was providdd. 

Cont rac t  A€ 33(616) -7887 ,  sponsored by the Bionics and Neurophyeiology Section s f  the Aerospace Medical 
Research Laboratories.  entailed the design and construction of experimental equipment and simulation syr-  
terns fo r  r e sea rch  on living ido rma t ion  handling sys tema.  
uras an electronic analog. based on the functioning of biological eystema, to simulate neurosensory nctworh 
for the  conversion of sensory  idormat ion .  such as a light o r  sound pattern. t o  a form compatible with neuron 
network analoga or adaptive Computers. 

To a s s i s t  Lloyd Brothers Inc. in gaining the Federa l  Drug Administration approval of Segontin, a drug fo r  
angina patients,  Technology Incorporated used stati8tical  techniques to determine the efiicacy oi the drug. 
Responses of angina patients, each given the drug and a placebo, make up the data acquired by doctar-con- 
ducted tes t s .  

Under Contract M 331b16)-7927 with the  Aerospace Medical Reacarch Laboratories. Technology Incorporated 
conducted drop t e s t s  f rom the Inclined Test Facility at Wright-Patterson Air Force  Base to acquire impact 
data on various t e s t  subjects. 
computer and associated equipment. 

AS a subcontractor to  AiResearch under the p r ime  contract NAS 9-150 for the National Aeromutica and Space 
Administration, Technology Incorporated designed and manufactured nine h b s s  Flmmete re .  each to measu:e 
l inear ly  o q g e n  flow f r o m  0. 2 to 0. 5 Ib. pe r  hr.  in Apollo spacecraft. 
other com.pact, seU-contained, linear Mass Flowmeters for  various scientific applicationa r c q u n n g  the 
measurement  of gas  flow. 

This e f fo r t ,  conducted for the A~~~~~~~~ ~ ~ d i ~ ~ l  
for the 

A built-in analag 

Phenomena re la ted  to f lash  blindness a r e  being studied to evolve additional types of t e s t  

From the recordings selected data were extracted,  processed. a d  analyzed to de te r -  
Such findings may lead to the veriIication or reviaion of 

Rectified by de ter -  

F r o m  estimates of image and object plane coordinate covariances used to derive 

The 

Included among the  devclopmen'd equipment 

The test  resu l t s  w e r e  processed and analyzed with the aid of the IBM 7090 

The company baa developed a line of 



TAO\ -a 
Sponsored by t h e  Ohio State Research Foundation under Contract &F 33(6161-6288. ML-201. ~ ~ ~ h n o l ~ ~ ~  
Incor2ora ted  completed the following tasks:  a general synopsis of data procesaing methods and 
a s u m m a r y  of the general operation of a computer and its limitations when performing various function., 
a n d  a number  of solutions t o  various data processing problems. 

A long-range plannlng program to establish the s t ruc tura l  loads measurement requirements for fu ture  aero- 
s p a c e  vehicles wa5 developed under Contract AF 33(616)-7406. Study of thepehicle., including an  sdvanced 
boost-glide vehicle. a recoverable satellite. a manned satellite. and a lunar vehicle for a "soft" moon 
landing, war  pursued from ground handling through landing or impact to determine the conditions of the  
c r i t i ca l  loads. 
study of a l l  available and planned instrumentation was completed. instruments needed for load measurement. 
w e r e  specified and a transducer handbook was compi l ed  

T o  de termine  the performance charac te r i s t ics  of c lus te red  parachutes under i d i n i t e  mans conditions, Tech- 
nology Incorporated conducted under Contract AF 33(657)-7985 a aeries of wind tunnel test.. Objectives 
w e r e  determination and presentation in repor t  form of the effects of the type of parachute canopy, of the  

' 

number  of parachute canopies in a cluster.  of the  canopy reefing ratio, and of the riser length on the d r a g  
a n d  s ta t ic  stability charac te r i s t ics  of clustered configurations. A sting balance capable of measuring the  
two component f o r c e s  of the c lus te r  coniigurationa up to a 25-degree angle of attack was designed, f ah r i -  
ca ted ,  and  instrumented. 

With the  sponsorship of the Protective Equipment Section, Aeroepace Medical Research Laboratories,  and 
unde r  Contract AT 33(657)-9417. Technology Incorporated developed the structural design of a support i y s -  
tern t o  evaluate the performance of personnel in a simulated environment with continuous acceleration and 
v ibra t ion  forces .  Other e f for t s  included the integration of a sys t em comprising a five-channel phyeiological 

a n d  the lB,M 7090  digital computer were  used to process  the data. 

The Physiological .Monitor-a portable, self-contained, completely automatic electronic unit to measure  the  
v i ta l  body functions of c r i t i ca l -care  patients-has been designed and developed by Technology Incorporated 
personnel .  Extensive tes t s  have proved the accu racy  and reliability of the Pbyaiological Monitor in mean-  

Units a r e  commercially available through medical equipment distributors.  

Con t rac t  AF 331657)-9537 involves the design. fabrication, and t e s t  of a sys t em to measure the mechanical 
impedance of the human body, the whole body and various portions of it. Other research  on this contract  
inc ludes  contmued research  on the vibration e f fec ts  on human subjects. determination of the tolerances f o r  
high- and low-frequency sinusoidal and random vibration, and investigation of the effeclr of lour-frequency 
s inusoida l  vibration on visual acuity. speech t ransmiss ion ,  and hearing. 

Under Contract A€ 33(657)-10686, Technology Incorporated i s  analyzing existing nuclear effects predictioa 
f o r m u l a e  to veriiy the safe-escape calculations used  in ADC Nuclear Weapon Delivery Handbooks. 
ana lys i s  will  lead to the writing of a nuclear weapons effects IBM 7090 program for the .4SD Ofiensive SYs-  
te rns  Of f i t e .  In addition, voids in existing knowledge of iya tems capability a r e  bemg.determintd to recorn- 
mend fu tu re  tes t  efforts to the Air Force.  

Determination of the levels of human tolerance to fo rces  of abrupt deceleration through tes t  and calibration 
initiated for the Aerospace Medical Research  Laboratories under Contract AF 33(616)-6970. 

for t ,  continued under Contract A F  33(657)-10010. includes related r e sea rch  for AMRL in conjunction 
NASA. such  as the current studies of abrupt deceleration testa cdnducted On components of the Mercury and 
Gemini  space  vhicles. 

A s  purchased  by the U . S .  Navy under Contract N 62269-2122, Technology Incorporated suppliedtwc units 
of the  M a s s  Flowmeter. which w e r e  designed, fabricated.  and tested by company engineers. 
l i nea r ly  the mass  flow of gas, the iMaris Flowmeter is a compact, self-contained unit constructed for  opera-  
t ion rn space  environments. 
weighs  a p p r o ~ m a t e l y  1 2  o e . ,  and has P range of 0 to 0.4 lb. per min. and a linearity of t2 .  5 %  of full  s ca l e  
r e f e r r e d  to  the best straight line. 

Sponsored  by t h e  Aerocautical Systems &vision uzzder Contract 
insr:umer.ted seventy C-130 a i r c ra i t  to record  three in-flight parameters: .  airspeed. altitude. a d  acce le ra -  
tion. 
Hawaii; one in Okinawa: and one in France.  
a load spec t rum f o r  fatigue liie evaluation of this a i r c ra f t  type completed tbc program. 
u s e d  i n  the r c v ~ c w  of design c r i te r ia .  

Instrumentation sys tems f o r  two configurations of the Blue-Scout were designed. M t c r  a 

Also the complete sys tem was evaluated and calibrated during impact testa. An analog computer 

contlnuously pulse ra te ,  respiration ra te .  t empera ture ,  and both systolic and diastolic blood p res su re .  

This 

The cf- 

Measuring 

Each of the units supplied to  the Navy is 2 1/4 in. in diamerer by 3 in. in length, 

33(6573-96+5. Technology Incorporated 

Inrtrur..enred a i rc raf t  we?= assigned to six air basem: four in the states of Tennessee. Texan, and 
Presentation of the  processed and.analyred data in the fo rm of 

The finding. will be 



Development of digital methods f a r  the automatic and cyclical processing of biological sig-1 i n f o r m t i o n  
is the general  requirement of Technology hcorpora ted ' r  e f for t  under Contract AF 41(609)-2261, 
by the Air Force  School Of Aerospace Medicine. a rooks  Air Fo rce  Base. to 
determine the presence of significant information in biological data, supplied in analog or digital iorrn on 
various mediz.  such as magnetic tape and s t r ip  char t s .  The effects oi variable ra tes  of dlgitizing on bio- 
logic signals a i l 1  be investigated. h'ovel a s  well a6 c lass ica l  diagnostic method. will be utilized and the i r  
capabilities compared both to establish the most efficacious techniques and to lead to still other novel ap- 
proaches,  
normalit ies through the application of the methods to  known population.. 

Through the acquisition. p rocess ing ,  and analysis of Fligh? Technical E r r o r  data under Federal Aviation 
Agency Contract FA-WA-4542. Technology hcorpora t ed  1s determining the random deviation of ro ta ry-  
and f ixedwing civil a i r c r a f t  f r o m  the i r  intended cruising altitude.. This idor-tion w s l  be r e d w e d  for 
the possible revision of cur ren t  altitude separation distances. 
stabil i ty of d e  a i rc raf t  and ita systems: effeAr Of airspeed. turbulence. gumts. and altitude: lMcCuroCie# 
of the automatic flight control aystems: and pilot technique. 

Engdged in the  first phase of a four-year study for  the  Air F o r c e  Personnel  Research  Laboratory, Brooks 
Air F o r c e  Base.  Technology h c o r p c r a t e d  under Contract AF 41(609)-2294 processed data writ ten on mili-  
tary questionnaires.  
which could be used to  project ear ly  of f icer -career  tenure. 
verified. and computer p rograms  were  written for the s ta t i s t ica l  ana lyses  leading to the evolvement of the 
c r i te r ia .  

AS a subcontractor to  Giannini Controlri Corporation under p. 0. E-24906, Technology Incorporated designed, 
iabr ica led ,  and successfully tes ted  a digital translating s y s t e m  to extract  and digitize in-flight data recorded  
on magnetic tape  by the Giannini VGH Statistical Recorder.  
Another requi rement  was the  computer analysis 01 the data to determine  the r eco rde r  capability: for this 
purpose. computer p rograms  w e r e  written in FORTRAN IV and MAP.  

Under Contract A F  41(609)-2328, sponsored by the Air F o r c e  Personnel  Research  Laboratory, Brooks Air 
Force Sase,  Technology Incorporated used two methods to determine  the extent to  which supervisory officers 
consistently give high or  low ratings to officer personnel. regardLess of the i r  objective mer i t s ,  a n  Officer 
Effectiveness Reports.  Determination of characterist ics distinguishing high and low ra t e r s  from rater. in 

and modified f o r  des i red  fo rma t  presentation. 
l i b ra ry  and other p rograms  w e r e  specially written to analyze the data. 

Under Fede ra l  Aviaticn Agency Contract FA-WA-4590. Technology lncorporated i a  conductiig a pilot pro- 
gram to  r eco rd  s t ruc tu ra l  loads on civil transport helicopters.  
record the s t ruc tu ra l  flight loads pa rame te r s  affecting the i r  per formance  in normal operational cnviron- 
menis. 
techniques, and data presentation arrangement. f o r  future full-scale helicopter structurd loada recording 
programs.  

T~ 
men during prolonged spacecraf t  occupancy. Technology Incorporated i s  conducting research ,  under Con- 
t r a c t  AT 41(6091-2334, to evaluate the responses of men and animals subjected t o  the  breathing of pure 
onlgcn a t  dec reased  pressure. 

and 
be analyzed. 

Col]aboraring \r,irh the 41r Force Avionics Laboratory. Technology Incorporated has been directed under 
contract AT 3 3 [ b 1 5 ) - 1  o O D  to apply statist ical  Computer techniques to  data for the evaluation of control sys-  

a weibul1 distribution to component reliability data to reveal life charac te r i s t ic  idormat ion ,  particularly 
[hat generated by gyros ,  the c o r n p r a i i v t  evaluation of severa l  system reliability models developed for  
gurdance and control sys t ems ;  the >ntroductiOn of various paramete r s  into computer subroutmes to r imu-  
la te  or ICBM interception in order t o  determine the feasibility of acqulring reliable solutions to 

guidance and control problems; and the evaluation of e n s t i n g  techruquer of e r r o r  rndyr i s  and 
r y n t h e s ~ t  used In studying guidance sys tem performance. including determining the effect of ignoring non- 
linear terms and the manner in which errors a r e  propagated during the boost and coast portion. of a tra. 

These methodr ,,,ill be 

Techniques to be developed a r e  intended to es tab l i sh  c r i t e r i a  for normality m d  specilicd ab- 

Phenomena being atudied include the  design . 

The questions were  designed to generate c r i t e r i a ,  that is, a set of apecifin responses ,  
Original information waa key pmched a d  

Data are f ed  directly to an IBM 7090 computer. 
' 

was a secondary objective. Data supplied on tape were  so r t ed  for appropriate iniormatxon selection 
Xegression p rogram routines were selected f r o m  the company 

These a i rc raf t  have been instrumented t o  

Such data a r e  bemg processed  and analyzed to  determine the optimum parameters ,  data processing 

the Air F o r c e  School of Aerospace Medicine in determining an  acceptable gaseous environment f o r  

Specially designed double-wall t e s t  cells  enabling high-accuracy control of 
, the gaseous environment will be used to investigate the oxygen toxicity effect0 on the hematology, histology, 

of the tes t  subjects;  also the surface activity of mater ia l  lining the lungs of the subjects will 

and components involved in navigation and guidance sys tems.  Included among the tasks are the f i t  of 



To ass i s t  t h e  U. S .  Army Transportation Research  Command (TRECOMI in deriving new design 
three types of Army Aircraft .  Te:hnology Incorpo..ated i s  conducting. under Contract DA 44-171-.d&C-LL~ 
(TI. a flight loads program. 
"Slohawk. ' (  fixed wing; UH-1 B "Iroquois. I '  helicopter;  and CH-47A "Chinook, " helicopter. 
tation sys tems record  altitude, airspeed. outside aLr t empcramre .  and nor rml  acceleration at the center 
of gravity; the U H - I B  and CH-47A sys tems 1160 r eco rd  ro tor  rpm, longitudinal cyclic s t ick  position, and 
collective st ick position; and unique t o  the  UH-1B s y s t e m  ia the recording of the  rotor torque. 
pletion of the  reduction and analysis of the data. Tee-hology Incorporated will p reaent  the proccBsed data 
in a form suitable for  the  derivation of load spec t ra .  

for 

Two a i rc raf t  of each of the following three  types w e r e  inatrumentcd: 0 v - 1 ~  
k l l  instrumen- 

upon corn- 

.Under Corura:t NASw-970 sponsored by the National Aeronautics and Space Administration, Technology 
Incorporated i s  studying the fcasibility of its proposed method of treating 8-channel flight loads data to de- 
rive load spec t ra  f o r  a i rc raf t  design and serv ice  l i f e  estimates.  In contrast  to the cu r ren t  mathod of pra. 
sentiap distributions of parametcr  frequencies obtained by measuring all pArametera wbsnever one of their 
t r aces  peaks, the proposed method would produce a statist ically de r i j ed  model l o r  each of a set of distinct 
maneuvers uhicli constitute normal operation. The  maneuver models would conslst  of a mean time-hiatory 
c s r v c  lor each basic parameter  and the distribution of obiierved value8 about the mean. 
method proves feasible,  statist ical  techniques could be more validly applied to  the  derivation of s t ruc tura l  
loads. In addition, thc maneuver models derived fo r  one a i rc raf t  could be  used to derive s t ruc tu ra l  loads 
on other a i r c ra f t  with s imi la r  missions by using es t imated  values for the latter 's  inertial  response  and ae ro -  
dynamic charac te r i s t ics .  

L' the  propo8ed 

Contract AF 41(609)-2464 lor the USAF School of Aerospace Medicine involvcs r e s e a r c h  on the ocular e i lec t i  
of thermal  radiation. 

radiation causation oi flaahblindness and chorioretinal burns. developing and testing techniques to predict  
flashblindness and chorioretinal burns suf fered  undcr  various exposure conditions, and developing and eval-  
uating devices as  well as techniques to protcct aga ins t  visual impairment f rom the rma l  radiation exposure. 
particz:lar a ims  seek  development of a mathematical  model capable of predicting flashblindness sever i ty  and 
duration as a function of parameters ,  such a s  f lash  intcnsity and duration, wavelength, and post-exposure 
~ l l~mina l ;o r r  level; expansion of flashblindness threshold data: and methods to identify rnlnimal burns and to 
re la te  them to pertincnt parameters ,  such as image  s ize ,  irradiance,  and retinal locatton. 

Under Contract AF 41(609)-2446 for thc'USAF School oi Aerospace Medicine, Technology Incorporated estab- 
lished at Brooks Air Fo rce  Base a capability of extracting analog data f rom osc i l lograms and converting it to 

with a key punch SO that the equipment could handle biomedical data and generate a digital output compatible 
with the Phrlco S - 2 0 0 0  computer. 
t ion 01 calibration factors,  thc preparation of operational procedures and various data a r rangements ,  and  
the instruction of the Air Force  personnel assigned to the reading Operation. 

This r e sea rch  requi res  the design, fabrication, and calibration of a high-mtensrty lher -  
source for expcrimental use. P rogram objectives include experimcntally defining c r i t e r i a  fo r  t he rma l  

I 

'digital  form on punch cards .  The company adapted and installed a semiautomatic oscil logram reade r  together 

Other s e rv i ces  included the  ccnstruction of reading overlays.  the computa- 

Supplementing thc research  initiated undcr Cant rac t  AF 33(657)-8334 and continued under Contract AT 33 
(651)-11557. Contract A F  41(609l-2437. also sponsored by the hrrcspace  Medical Division. involves refine- 
ment of a mathematical model of re tmal  burns from nuclear flashes. 
nuclear f i reba l l  source tables which show lor various yields and altitudes the spec t ra l  i r rad iance  and dimen- 
sions versus t ime. 
spec t ra l  data a s  d i rec t  input to a mathematical model fo r  flashblindness. Also retinal burn data f rom labor- 
atory tests a r c  bcing analyzed in the light of s imi l a r  data f r o m  weapons testa,  and pre tes t  es t imates  of le- 
~ i n a l  burn thresholds for  designing w e a p o n s  tes t  flashblindness experiments a r e  being prepared. 

Intended to cxpand upon thc c i for t s  prescr ibed  by Contract A F  41(60?)-1978 to study the behavior of human 
subjects undcr h lgh-s t ress  conditions, Contract AF 41 fb0?)-214L. also sponsored by the  USAF School of Aero. 
space  Mcdicine, rcqui res  pr imar i ly  spccial instrumentation and data collection sys tems lo r  s e v e r a l  phyaio- 
logical studies.  P r o g r a m  requircmcnts include design, fabrication, and installation of psychomotor per for -  
mance t a sk  cquipmcnt on a human centrilugc. a rotational flight simulator, and a 8-47 simulator:  l inear iza-  
tion of a flowmeter 1 0  analyzc the blood-flow pattern of =tressed  animals; installation of te lemet ry  sys teme 
in ;hc two simulztors and the system signal checkout with human subjects aboard; and development and lab- 
ricstion of a system capable o l  displaying. converting l r o m  andlog to digital form,  and printing out the data 
f r o m  nine physical and physiological parameters .  

Another t a sk  requi res  preparation of 

Related :o this requirement is the writing for the Philcc S-2000 a program to handle 
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