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'This rrymrt desc r ibes  Ihc r e s u l t s  of  r e s e a r c h  to develop mathemat ica l  

I 

mode l s  of ~ y c  effects produced by nuclear  f lashes .  T h e  model  fo r  prediction i 
l 

o[ r e t i n d l  b u r n s  givcs  t e m p e r a t u r e  values  by using a numer i ca l  method to  

approxi inate  the solution of a differential  equation governing the conduction of 

heat  in  thc ocular  fundus. Considerat ion i s  given to  the validity of the 

solution b y  d i scuss ing  the convergence,  stabil i ty,  and accu racy  of the  

numr,rical nicthod. 

prthdiction of f lashblindness r ecove ry  t imes .  

Coiiiiiients a r e  given o.n a s t a t i s t i ca l  model  for the 

. 

. 

... 
111 



SECTIOK 

1 

7 - 
2 . 1  

2.1.1 

2.1. 2 

2 .1 .  3 

2. 2 

3 

TITLE 

INTRODUCTION 

DlSCUSSION 

Model  of retinal b u r n  

A n a l y t i c a l  method 

Numcr ica l  method 

M o d c l  rcfinenients 

Model  of flashblindness 

CONCLUSIONS 

REFERENCES 

P A G E  

1 

2 

2 

2 

3 

10 

10 

12 

14 

. 

iv 



1. INTKODIJCTION 

I 

Technology Incorpora ted  h a s  undertaken th i s  study in a n  effor t  to 

develop safe  sepa ra t ion  d is tance  c h a r t s  for  eye  h a z a r d s  f r o m  nuctear  

f l a shes  and to  es tab l i sh  des ign  c r i t e r i a  for  e y e  pro tec t ive  devices .  T h i s  

r e p o r t  out l ines  the w o r k  deveiopment to  da te  and s e t s  fo r th  the  s ta tus  of 

the problem.  

In o r d e r  to es tab l i sh  des ign  c r i t e r i a  and  develop safe sepa ra t ion  

d is tance  c h a r t s  which take into account  the ful l  var ia t ion  of the many p a r a m e t e r s  

involved, ma themat i ca l  models  a r e  needed. A s t a t i s t i ca l  model  of f lash-  

bl indness ,  which w a s  developed by Czeh,  C a s p e r  and S e g r a v e s  ( I ) ,  was  

se lec ted  for  poss ib le  re f inement  by  inclusion of new data .  A mathemat i ca l  

model  for  r e t ina l  b u r n s ,  uti l izing t e m p e r a t u r e  r i s e  (2 ) ,  was used t o  gene ra t e  

sa fe  sepa ra t ion  d i s t ances  ( 3 ) ,  but the need f o r  improvement  in  the model ,  

pa r t i cu la r ly  the f i r eba l l  representa t ion  (4). r e su l t ed  in  a new ef for t .  

the subsequent  e f fo r t  which included ana lys i s ,  evaluation, and compar i son  

of avaiiable da ta  on both nuclear  weapons detonation and ocular  r e sponse  t o  

1 1 1 c , x i , > ~ l  r ~ ~ d i , ~ t i o n ,  i t  was  dc,tcrmin<rd that t h c  numcr ica l  nlcthod used t o  

so lve  the hea t  conduction equation was  suff ic ient ly  accu ra t e  only when 

s m a l l e r  f ini te  d i f fe rence  approximat ions  were  used. 

d i f f e r e n c e s  have led t o  computat ional  p rob lems  on a Phi lco  2000 computer  

both i n  running t i m e  and c o r e  s to rage .  

. 

During 

The  u s e  of s m a l l e r  

1 



2 .  l>ISC~~SSIOiV 

” .,~.,, ,7. - ., . ... . , . 
l - i ic  t > l ) j ~ , < , t i \  c’ o f  the. r c , . s c s l - c . I i  dur ing the cunt rac tua l  pcr iod ..bas t u  

lxJipruv<’  uslin ling eye c.iiects niodels or t o  develop ne\v mode l s ,  if r r q u i r r d .  

One of thr prescnt ly  avai lable  m o d e l s  f o r  p red ic t ion  of re t ina l  burn ,  which 

I 
!; has  rece ived  cons iderable  a t tent ion in the p a s t ,  i s  the re t ina l  t e m p e r a t u r e  

inodel. The t empera tu re  model has  been re ta ined ,  ever. though diff icul t ies  

have been encountered,  because  it a p p e a r s  t o  b e  a v e r y  r ea l i s t i c  descr ip t ion  

of the phys ica l  si tuation. 

inodel  of C z r h  e t  a l .  v.ra s 

In  ant ic ipat ion of new da ta ,  the f lashbl indness  

reviewed with the intention of poss ib le  re f inement ,  

2 .1  ,Model of re t ina l  b u r n  

P r e s e n t l y ,  the m a j o r  p rob lem a r e a  in the t e m p e r a t u r e  model  i s  

that of hea t  conduction in the eye.  

t i m e  is  needed f o r  the geomet ry  encountered in  the eye and a given hea t  

T e m p e r a t u r e  a s  a function of posit ion and 

s o u r c e  that  is a function of posi t ion and t ime.  

2.  1. 1 Analytical  m e t h o d  

A n  analyt ic  solution of  the different ia l  equation of heat  conduction was  

attenipted.  

cy l indr ica l  coordinate  systell i  was  used.  

a t tempted  i n  the volume occupied by a ve ry  thin sect ion of the cy l inder ,  

having the shape of a d i s c ,  and within which it was  a s sumed  that  the t emp6ra tu re  

did not v a r y  with the ax ia l  coordinate ,  z. 

Sei.eral  approaches  were  at tempted and in each  c a s e  the 

In one approach ,  a solution was  

E a c h  d i sc  would have appropr i a t e  

, ,  

i 
! 
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1 , ~ ~ : 1 6 a r y  , . , , ~ . . ~ i t j ~ ~ s - ~ ~ ~ ' ~ ~ - ~ s ~ l ~ ~ r i ~ ~ ~ s  iur  dI1 the  d i s c s  were  t o  be colnbincd 

for  :he  c ~ ~ n i p l ~ ~ l c  solution. This approach was  unsuccessfu l .  Another approach  

\,as t o  t r a n s f o r m  the heat conduction equation, which contains  der iva t ives  with 

respc'cl  to posi t ion and t i m e ,  into a n  equation containing der iva t ives  with r e s p e c t  

t o  posit ion only b y  the u5e of the Laplace t r a n s f o r m .  

equation without the explicit  t ime var iab le ,  the inve r se  transformatio-n was  to 

be p e r f o r m e d ,  and the resul t ing solution would contain the posit ion and the 

t ime .  

Af te r  solving the 

Th i s  approach  m e t  with only ve ry  l imi t ed  s u c c e s s ,  solutions being 

obtained only for  a s imple  geometry  and a s q u a r e  pulse  source .  

The ana ly t ica l  solution was  at tempted a f t e r  encounter ing several 

di f f icu l t ies  with the numer i ca l  solution. 

c l ea red  up. 

to  solve them. 

Mos t  of t hese  diff icul t ies  have been  

Of those  that  have not been solved, i t  is known how to p roceed  

2. 1. 2 Numer ica l  method 

The  numcr i ca l  method cons is t s  of rep lac ing  the  par t i a l  different ia l  

equatlon of heat  conduction 

2 A a T  v T t - = E -  
k k a t  

\viti. & dif iercnce equation a t  each of many d i s c r e t e  points  a r r a n g e d  in a 

rec tangular  gr id  and solving the d i f f e rence  equation which is a lgebra ic .  

tn'o d i n ~ e n s i o n s  of the rectangle  a r e  taken to be  in the r and z di rec t ions .  

The  

3 



, 2 
T - l  = To - T (!>r)t - Tg(Cr)  - . . .  

Z! 0 

' 1  2 T I  t T = 2To t T,(Ar) t * . .  
-1 

and the second der ivat ive is wri t ten 

The  t ime  der ivat ive is  wr l t ten  in the d i f f e rence  f o r m  
' I !  

r r  , h e  scrliition prcrceeds s tep-by-s tep  in t lme inc remen t s  :.t. 

valGe problciii is  salved a t  each  step.  

An ell iptic boundary-  

The difference equation takes  the f o r m  

. 
4 



One of the p rob lems  i n  using the  d i f fe rence  equation approximation 

w a s  tha t  of whether the difference equation h a s  a unique solution. 

that  the solution of the equat ion.used i s ,  indeed, unique (5,  6). 

It was found 

The question of conx'ergence of the exac t  solution of the difference 

equation to the solution o f  the d i f fe rcn t ia l  equation a s  the  differences Ar, Az, 

and A t  a r c  made  sma l l e r  indefinitely has  been answered  and this convergence 

was found to  hold (7). However ,  ve ry  l i t t le i s  known about the accu racy  f o r  

given va lucs  of Gr, b z ,  andAt. A procedure  which can  be used i s  to solve the 

d i f fe rence  equation using d i f fe rence  s i z e s  b r ,  Az, and a t  and then again using 

d i f i c r cnce  s i z e s  - and &- and taking the difference between fhe two 

solut ions a s  a m e a s u r e  of the  e r r o r .  

i r  ..z 
2 ' 2 '  2 
- 

Experimentat ion has  shown that the 

d i f fe rence  can be made s inal l .  

l'hc t o t a l  e r r o r  in  thc nuincr ical  solution of the hea t  conduction equation 

: , 

is viewed as belng the sum of two e r r o r s .  

e r r o r  whickL dcpends on the  s i z e  of 3s and tt, apparently mainly on As, with 

One e r r o r  is  the approximation 

5 



ivhich ~ h c  prol>lL,n> sf  c -~n \ . c rgcncc  o i  tiir di f f r rc*ncc cquation i s  re la ted.  

second c ' r ror  i s  the numerical e r r o r ,  with which the problem of stabil i ty of 

t h r  d i f f e r e n c e  equation is  re la ted.  

equat ion u s u a l l y  d i f f e r s  f r o m  the exac t  solution and this d i f fe rence  is due to  

The - < .... .Li'Y.ri?-.,; - ,.,. , 

The p rac t i ca l  solution of the d i f fe rence  

round-off e r r o r  and the inherent  l imi ta t ions  of the i te ra t ive  method used  t o  solve 

the difference equation. 

whether  round-off e r r o r s  accumula te  in success ive  s t eps  of calculation. 

these e r r o r s  accumulate  during such a l a r g e  number  of calculat ions a s  a r e  m a d e  

in solving the p r e s e n t  p rob lam,  the resu l t ing  solution will have nothing in 

c o m m o n  with the d e s i r e d  solution. An e f fo r t  was  made to  de t e rmine  the 

ma themat i ca l  conditions under  which the equation is s tab le .  

t he  equation i s  absolutely s tab le ,  i. e .  

involved that a r e  of i n t e r e s t  (8). 

The s tabi l i ty  of the d i f fe rence  equation r e f e r s  t o  

If 

It was found tha t  

is s tab le  for  a l l  values  of t h e - p a r a m e t e r s  

The p rope r ty  of the equation that gives  i t  absolute stabil i ty is its 

imp l i c i t  c h a r a c t e r .  

t he  t e m p e r a t u r e  for  the t i m e  t i s  given in t e r m s  of the known t empera iu re  a t  

t i m e  t - L t  and the unknown t e m p e r a t u r e s  surrounding it a t  t ime  t. Obviously, 

t he  equation cannot be solved one point a t  a t i m e  in  a s tep-by-s tep  manner  a s  

citn i t s  csp l ic i t  coun tc rpa r l  which, howcvcr ,  has  such  n st r ingent  stabil i ty 

requirement that  i t s  u s e  is  imprac t i ca l .  

s o l u t i o n ,  s iniul taneously.  of a s  many d i f fe rence  equations a s  t he re  a r e  points  

i n  the g r id  covering the region of i n t e re s t .  

The impl ic i tness  is seen  in  the fact  that  a t  the point ( r ,  z) 

The implici t  equation r e q u i r e s  the 

Forma l ly ,  th i s  a lgebra  p rob lem of the 

b 



j 111 t i  1 I ,: I: (I:) I :  :, 1 t i :  i :> ii 11 I 1 i 11c.a r c , q  (ia i i ~ i i i  J I h si :npI t ,  t. n o u g i  I , 

> ~ ' , i a l l c , a i  p ~ t i b l ~ ~ i i i  r t ,qti ircs thc calculat ion o f  the t e m p e r a t u r e  a t  o v e r  one 

Ihorisand points and lor the  l a rges t  p rob lem f o r e s e e n ,  ove r  ten thousand points  

would be  n c r d r d  with the model  in i t s  p r e s e n t  f o r m .  

i s  used  to solve the sys t em of s imultaneous equations.  

solut ion is  modified a t  each  i t e r a t ion  until ,  i f  the method converges ,  a buil t-  

in m e a s u r e  of the e r r o r  bccoines  s m a l l e r  than a preass igned  value. The 

method is  known a s  the Gauss-Seidel  method o r  the method o f  success ive  

I I OW,, ,.,, , t h c  
..r,il-.- ., . -,., , . . .,~. , 

An i te ra t ive  method 

An approximate  

d i sp lacemen t s .  

That  p a r t  of the numer i ca l  e r r o r  due to t h t  inherent  l imi ta t ions  of the 

i t e r a t ive  method a r i s e s  f r o m  the f ac t  tha t  a c h a r a c t e r i s t i c  of the method is  

that  the exact  solution cannot be obtained with a finite number  of i t e ra t ions .  

T h e  va lue  of the e r r o r  i s  not known, but i t  i s  smal l .  

c r i t e r i o n  the e r r o r  s e e m s  to  va ry  d i r ec t ly  with the value of the p a r a m e t e r  As. 

F o r  the  accu racy  c r i t e r ion  that  the m a x i m u m  t e m p e r a t u r e  over  the en t i r e  g r i d ,  

f r o m  one i te ra t ion  to  the next.  be  l e s s  than . 04% of the t e m p e r a t u r e  at  the 

c e n t e r  of the image ,  and using As = . 0 0 0 5  c m . ,  the change a t  the edge of the reg ion  

is  about  one t h i r d  of one pe rcen t .  

Using a given a c c u r a c y  

If As = , 001 c m .  is  used the change a t  the edge 

i s  abut11 l h r c c  pcrct ,nt ,  and fo r  A s  = . 002 c m .  the change a t  the cdgc i s  about  

t h i r t een  pe rcen t .  

the a c c u r a c y  considerably.  

subst i tuted into the difference equations.  

A procedure  has  been found, recent ly ,  which would i n c r e a s e  

The approximate  solutions for  each  point a r e  

Because  the numbers  have e r r o r s ,  

. I  

7 



.I ..... 
<,qii;tii<,iis \ \ i I I  n o t  ij;iIrincc. TI:<; %i;P'r'i.pancics or residuals a r e  : i ,cn 

I J C ~ L .  p ~ r :  u i  n s,.coiici s y s t t ' n i  or liiic,ar cquaiions in which  ?he cocff ic ients  

, f  ihe unkno\bns a r e  the s a m e  a n d  t h e  constant  t e r m s  a r e  the r e s idua l s .  The  

. cn  s v t  of  vquations i s  then solved s imultaneously,  us ing  the s a m e  i t e r a t ive  

nr thod .  The rcsul l ing solution is then  subt rac ted  from the f i rs? ,  which 

subt rac ts  the aioremcntioned residua!s, leaving a m o r e  a c c u r a t e  r e su l t .  

Another  rlucstion to  be  answered  w a s  that  of whether  the i t e r a t ive  

, i i r lhod convcrgcd ,  i .  c .  , whe!her the numbers  obtained, supposedly a solution 

or the s y s t e i i ~  of di{fcrence e q u a t i o n s ,  u s i n g  the Gauss-Seide l  method,  

const i tutcd the des i r ed  soltilion. Evcii though, a f t e r  s e v e r a l  i t e r a t i o n s ,  the 

n u m b c r s  were  bcing modif ied by f r o m  jus t  a few percent  to  less than one tenth 

o i  one pc rccn l ,  i t  was  thought possible  that  the solution obtained could d i f fe r  

g rea t ly  f r o m  the solution des i r ed .  Saulyev ( 9 )  showed that  the Gauss-Se ide l  

method does  converge  if thc equat ions a r e  of a f o r m  taken by equation (1). 

e Iso, s ince  t h e  res idua i  a t  a point a f te r  conipletion of a given i t e r a t i o n  i s  

approh-i inatcly equal  t u  the  change in  the value of the soiut ion a t  the point' f r o m  

the given i te ra t ion  to  the next ,  t h e n  i f  the change is  s m a l l  the convergence of  

the iterative.rnethod c a n  be deduced f r o m  the uniqueness  of the  solution. 

I I i l  I ,I o i i  n g ( 1  o J G i  t,#-s 5 ( 1  if i c i t 'n I c c, nd i I ions f o r  t-onvv rg c nce of tiir Ca 11 .E- s -Sv i dcI 

r n t ~ t h o d  l i i  t h .  c';ihc' :,I 111v g c n c r a l  sys tc in  of l lnear  a lgeb ra i c  equat ions ,  a n J  

f 
' 

t hese  conditions a r e  sa t i s f ied  i n  the model .  

4 

8 



. A I ~ I I ~ . I ~ I ~ I ~  (!I: i p t , h p $ . j , p  osc .of  t h r  i i i u s t  convenient for p rogramming  

anti  c o i i \ c r g c s  f o r  a tvidc c l a s s  of p rob lems ,  i t  a l so  has  one of the s l u x e s t  

c ~ ) n \ . e r g e n c ~  r a t c s .  

ixethod of success ive  over - re laxa t ion  (111, shows promise .  In t h i s  method 

i h r  Gauss-Scidel  method is modified by the introduction of an  opt imized 

" re laxa t ion  fac tor . "  Th i s  method which has  only recent ly  been introduced into the 

p r o g r a m  and it  n reds  m o r e  work, but  it can  cause  the i terat ions to converge  

Inany t i m e s  f a s t e r .  It has ,  a t  th i s  t ime ,  multiplied the convergence r a t e  f o r  

A method of spceding up the convcrgcnce,  ca l led  the 

the p re sen t  p rob lem by lour .  

s t i l l  excess ive .  

method of P e a c e m a n ,  Rachford,  and Douglas for  problems of which the p r e s e n t  

one i s  a type, namely the solution o i  a parabol ic  pa r t i a l  differential  equation. 

The computer  t ime p e r  problem,  however ,  is 

Young (12) cons iders  the use  of the al ternat ing-direct ion 

I 
j 
I /  

It m a y  be uhnecessa ry  to solve a n  el l ipt ic  boundary value p rob lem a t  e a c h  

t i m e  s t ep ,  a s  h a s  been done. 

Another  sou rce  of excess ive  computer  t ime is the necessi ty  of 

' ,  : i  I 

computing t e m p e r a t u r e s  in a region l a r g e r  than the region of in te res t .  The 

I boundary conditlons which a r e  used include the condition that the n o r m a l  I 

de r iva t ive  at-the edge of the region be zero .  

accu ra t e ly  only by u s i n g  a l a rge  gr id  of points. 

solution of a l a r g e r  problem,  the condition i n c r e a s e s  the computer  s to rage  

r equ i r emen t .  

1 6 , 0 0 0  locat ions,  would be  exceeded.  

Th i s  condition can be sa t i s f ied  

Bes ides  necessi ta t ing the 

In many p rac t i ca l  c a s e s ,  the s torage  capabili ty of the Phl lco  2000 ,  

A formulat ion of the difference equation ( 1 )  

4 
. 
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I i 
. "  * - . . , , j  .,,, . , .., ._ 

has  b v ~ n  lound ( 1 3 )  whereby thc size of the p a r a m e t e r s  6 r  and Cz m a y  be 

\ , a r i rd  \vith 'posit io~i so  that a1 points dis tant  f ro in  the center  of the re t ina l  image  

thc points  a t  u,hich the t cmpera tu re  is  calculated may  be relatively far  a p a r t  

and S O  thc number of points ,  and conipuler s torage  r equ i r emen t s ,  m a y  be 

d ra s t i ca l ly  reduced. 

accura te ly .  

A t  the p re sen t  t ime ,  only s m a l l  p rob lems  can  be solved 

2.1. 3 Model  re f inements  

Ref inements  to the t empera tu re  model w e r e  of a l imi ted  na ture  s ince  

they a r e  cons idered  to  be of secondary  impor tance  while t he re  a r e  p r o b l e m s  

pe r s i s t i ng  in  the numer i ca l  approximations to the heat .conduction equation. 

P rov i s ions  have been made  for  a "curved-ear th"  a tmosphere .  

subrout ines  which calculate  the a i r  and water  m a s s e s  along a line of s ight  

path through var iab le  a tmosphe r i c  density were  obtained f r o m  Dr .  Oska r  K. 

R i t t e r  a t  the School of Aerospace  Medicine. 

p red ic ted  t e m p e r a t u r e  aga ins t  a scaled-up physical  model  was  cons idered .  

Ho\vever, no a t tempt  was  made to develop a physical  model  because  of the 

problems i n  the p r e s e n t  t empera tu re  model.  

The computer  

. 
The feasibi l i ty  of checking the 

2. 2 Model of f lashbl indness  

I n  anticipation of new data  descr ibed  i n  the contractual  s ta tement  of 

w o r k ,  t h e  work  of Czeh  e t  a l .  was- reviewed with the intention of updating the  

f lashbl indness  model  given in  the r epor t .  This effor t  was  suspended b e c a u s e  

10 



of  a l a c k  511 app rupr i a t c  new recove ry  t ime data.  

Thc rcporl”s~ial .e l leS fo r  . a*model  o f  recovery  t ime in t e r m s  of s u r r o u n d l ,  
1E 

p a r a m c t c r s .  

v i sua l  acui ty  in the i r  p red ic to r .  The model  

sugges ted  by Brown a s  well a8 the Gomper tz  function were  r e j ec t ed  by the 

au tho r s  in  favor  of a mult iple  r e g r e s s i o n  in t e r m s  of log luminance,  v i sua l  

acu i ty  and log ene rgy  a s  independent va r i ab le s  (up t o  the jrd d e g r e e )  and log 

r e c o v e r y  t i m e  a s  the dependent var iable .  

The  au tho r s  decided lo u s e  s o u r c e  energy ,  t a rge t  luminance and 

T h r e e  models  a r e  d iscussed .  

i 

The au tho r s  do not comment  on the hypotheses  that mus t  be a s s u m e d  

! 
befo re  such a model  is appropr i a t e .  In o r d e r  to justify probabili ty s t a t emen t s  

concern ing  t ime ,  i t  is n e c e s s a r y  t o  a s s u m e  that  log recovery  t i m e  is normal ly  

d i s t r ibu ted .  

’ 
i 

P e r h a p s  a t e s t  of normal i ty  woutd be appropr ia te  to gain f u l l  

i 
ins ight  t o  the problem.  

The. technique employed in solving the  normal  equation a s  suggested 
I 

by Ef royn i son  is one which p rov ides  valuable in te rmedia te  r e s u l t s  i n  obtaining 

the p r o p e r  model ,  

the  or ig ina l  p o d e l .  

choice.  

The Ef roymson  a lgor i thm se l ec t s  the bes t  sub-model  of 

It i s  up to  the exper imentor  however to  recognize th i s  

The  r e s u l t s  a r e  qui te  interest ing.  

The  Mi l le r  and Brown data  (1306 poin ts )  were  used  and when a multiple 

2 R value o f .  89  was achieved only log energy  and log luminance (both to . the f i r s t  



power)  app<bared i n  t h c  inodcl. By continuing the computation l o  Lhc end with 

i 

i 

t 

a l l  irn ~ c r m s ,  a mult iple  R 2  of . 926 \%..as obtained. 

o c c u r r e d  when s o u r c e  energy  was  measu red  in l a m b e r t s .  

P. s i m i l a r  phenomena 
. -. . .I .-,,.. .” -..., 

3 .  CONCL?JSIOP<S 

The  p resen t ly  avai lable  digi ta l  computer  p r o g r a m  fo r  solving the hea t  

The f i r s t  difficulty,  which conduction equation i s  bese t  by t h r e e  diff icul t ies .  

gives  r i s e  t o  the o ther  two, is inaccuracy  of r e s u l t s .  

d i f f icul t ies  a r e  excess ive  running t ime  and computer  c o r e  s to rage  when operat ing 

on a Ph j l co  2000 type coinputer .  

d i f f i cu l t i e s  which appea r  v e r y  p romis ing  a t  this t i m e ,  

the  a c c u r a c y  of the  r e s u l t s  is that  of i t e ra t ing  on the solution of the difference 

equat ions to  f u r t h e r  reduce  the f inal  r e s idua l s .  

success fu l  on p r o b l e m s  of a s i m i l a r  na ture .  

The second and th i rd  

T h e r e  a r e  poss ib i l i i i es  of al leviating these  

A method fo r  improving 

Th i s  method has  proved 

Computer  running t ime  may b e  

reduced  by a f a c t o r  of about f ive by  a p rope r  choice of success ive  over - re laxa t ion  

f ac to r s .  

unequal spacing in  the computat ional  g r id ,  i. e.  a fine m e s h  within and 

immedia te ly-sur rounding  the image  and a c o a r s e  m e s h  beyond, 

Compute r  c o r e  s to rage  and running t i m e  can  both be reduced  by using 

A v r r y  iniptirlanl facet of tlic IInBIiblindncss cxperilncrit i s  no i  rcckoncd 

with i n  the l i n e a r  r e g r e s s i o n  model ,  

a s o u r c e  of var ia t ion .  

Subject  d i f fe rences  a r e  not included a s  

The study did include s e p a r a t e  r e g r e s s i o n  ana l~yses  for 

12 



each of f ivc  S I I ~ J C C ~ S  (Mil lcr  data) and the observation was  made that there 

a r e  significant subjrrl d i l i e r v n c t ~ s .  

bc introducrd in furiher s tud ies  s o  'that subject di f f erences  m a y  b e  s tat i s t ica l ly  

evaluated on t h e  s a m e  basis a s  r e g r e s s i o n  coef f ic ients  with valid s ignif icance 

levels .  

It i s  suggested that a covariance inode1 

..-.. ,-,. .. , 

I 

i 

. 
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1 ,  ISTRO3CCTIGN 

T h i s  Quar:erly P r o g r e s s  Repor t  i s  subrnltted in cornp1i;nc-e wi tk  

Contractual  Agreement  -AF 41(639)-3079 and c o v e r s  ti-.<: per iod  

1 December  1966  throegh 28 F e b r u a r y  1967. 

2 .  W O R K  ACCOMPLISHED 

During the l a s t  work  per iod the t empera tu re  model  was  r u n  on a 

f a s t e r  computer  i n  a n  at tempt  to obtain an  accu ra t e  solut ion for  the 

chor iore t ina l  t e m p e r a t u r e  in spite of a s low r a t e  of convergence fo r  

the i te ra t ive  method usee to  solve the hea t  conduction ecuation in  

d i f fe rence  f o r m .  

on the f a s t e r  computer .  

s torage  capaci ty .  

t o  the heat conduction equation. 

-\ 

The  rGnning t ime turned  out t o  b e  excess ive  even 

Another difficulty encountered  was  computer  

Work was  begun on developing a n  analyt ical  solution 

~. .~ 

2 . 1  Di f f i c  d t  ie s 

.S difficulty h a s  3een  experienced with a slo\v rz:ch of con;-er,ence 

of the i te ra t ive  mezhod, the method of success ive  a?prosir.ztioris, 

f o r  solving the s y s t e m  of equations go\.erning t!:e c>::cuctio:. of 

heat  i n  the c h o r h r e t i n a l  region of the eye.  The XGCC; ?rz=rs!x  

was  r u n  on a C;C 6000 coixputer t o  de:rrmine th s  :ezs~kiii :y 0: 

using the t i m e  csnsurr.ing model  \\,it:? the i z s t e r  c ~ ~ . : : ~ ' ~ ; e ~ ,  

on the 6 6 0 0  showed that the d i f f e rence  equat ions \vere 

approximating the d i f f e ren t i a l  equst ion accura te ly  enough. 

. .  

- 3uy.s  

ZY. 
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o r d e r  to  improve  the a c c u r a c y ,  tlie f inite d i f fe rences  in  :?.e 

t i m e  and posit ion v a r i a b l e s  were  d r c r e a s e d  j u s t  a s  h a s  ' Ir tn  

done on the Phi lco 2 0 0 0 .  

to excess ive  running time even on the CDC bb00 which is a!most 

two o r d e r s  of magni tude f a s t e r  than the Phi lco 2000. The  table  

below shows the v e r y  r ap id  i n c r e a s e  in computer  t i m e  re$-ired 

to  solve a v e r y  s m a l l  por t ion  of a s imple p rob lem,  a s  the  

p a r a m e t e r  va lues  a r e  changed. 

iri\the posi t ion va r i ab le ,  and Ct is  the inc remen t  i n  the t ime  

var iable .  

Unfortunhtely,  th i s  p rocedure  1 ~ 2  

A S  is the fundamental  i nc remen t  

AS ( c m )  h t  ( s ec )  

. 0 0 1 0 0 0 0  

.0005000 

. 0 0 0 2 5 0  

.000125 

. 001 

. O O l  
, 0 0 1  
. 001 

Computer  t ime ( s e c )  

2.  64 
5.45 

39. 5 
3 8 8 .  

The following F i g u e  s h o w s  thi. model tez-;.?er&tcre predicrion 

for  s e v e r a l  choices  of the p a r a m e t e r  :S. 

i s  approximately a / .  5 percen t  change in  the ; empera t c r*  r i s e  

pred ic tea  when the g r id  spacing i s  changed f r o m  , C;,J325 c?:::i?xeters 

t o  , 000125 cen t ime te r s ,  the txvo s m a l l e s t  s?ac inzs  use<.  

of the s t rong dependence on the s i z e  of the p a r a : x e t r r s ,  :I : s  :e!: 

that  t h e  solution is  not sufiiciently accu ra t e .  

I t  carr be  see-. :?.at [?.ere 

- 

In X - i e x  

Another difficulty experienced was with insufficient con?;:er 

- 2 -  



0 
N 

3 N 
e 

m 0 



s to rage  capaci ty .  

tha t  the n o r m a l  f i r s t  der ivat ive on the boundary i s  z e r 5 ,  a ihrge 

g r i d  m u s t  be used and the t e m p e r a t u r e  m c s t  be calculated 2 :  a 

l a r g e  number  of points. F o r  p rac t i ca l  p rob lems ,  the r eqc i r ed  

computer  s to rage  s u r p a s s e s  the avai lable  capaci ty  of 64 ,  000  

locat ions.  

Due to  the boundzry condition being used ,  

2 .  2 Analyt ical  Solu t i3n  

An a l te rna t ive  is  to  solve the d i f fe ren t ia l  equation of heat  

conduction analytically f o r  the boundary coni i t ioxs used in 

:he p r e s e n t  model .  - T h e  analyt ical  solution, incorpora ted  into 

ihe model ,  would rep lace  the difference equations &nd i terar ive 

solution. 

ana ly t ica l  solution. In each  c a s e ,  the cyl indrical  coordinate  

s y s t e m  h a s  been  used. In one approach ,  a so lu t ion  was  

a t t empted  in  the volume occupied by a very  thin 5fi::on GI tr.e 

cyliT.cer, having the shape of a d i sc ,  and within which i t  \virs 

z s s c m e d  that  the t empera tu re  did not v a r y  with the axilal 

c o o r l i n a r e ,  z .  Each  d i s c  would have appropriate  boundary 

condizions and the soiutions fo r  a l l  the  d i s c s  \ \ e r e  t G  be CG:?..~.:-.??. 

:or t>-e toral solution. Th i s  approach  \<-as unsuccessful. T>.c 

Ihtes:  z,;iproach 1s to  : rans iorm the heat  condiistior. eqiia:ior., 

Seve ra l  approaches  a r e  being used to  obtain an  

. 1  
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12;:<03'- --- 
T k i s  Quar t e r ly  P r o g r e s s  R e p o r t  i s  submit ted in coin;>liance \>,It?. C,,:-.::: ;: .L: 

A 4 g r c c ~ n e n t  A F  41 (6091-3075 and cove r s  the per iod  1 Sep tember  1 ~ C C  ;>.zx;:-. 

35 Xovember 1966. 

L .  il L I lox 

-, ? IVOZK ACCOMPLISHED 

During the last work period the validity of the re t ina l  t e m p e r a t u r e  calculatic,r. 

por t ion of the mathemat ica l  model  was  investigated.  

toward the stabil i ty,  convergence, and a c c u r a c y  of  the numer i ca l  a e t ? . ~ l i  

being u s e d  to  solve the hea t  conduction equation. 

Attention was  d i rec ted  

Work h a s  contir .uet  22 a 

s p e c t r a l  radiant  exposure model  to calculate  eye-  safe-separzzion e n v e l o p s .  

.A.tte..:?tion was  d i rec ted  toward dec reas ing  computer  riliining t ime  for :?.e 

model .  

~. .. 
thz t  the method i s  aSjo1Gtely szable, 

t he  p a r a m e t e r s  involved that  a r e  of  i n t e re s t .  

I .  e .  , : j  5:s:jle <a:- z . .  .. :.: ..: . 

- 1 -  



2 .  2 Con\.c.rgcnce 

The numer i ca l  method being used inxvolves the a;>;,rosima::ur. ~i i 

differential  equation a t  a number  of d i sc re t e  points ..<i:?.:,T a re,i;n 

by a difference equation in which inf in i tes imals  of the talc,-' u l ~ s  a r e  

rep laced  by f ini te  d i f fe rences .  The problem of convergence  o i  :::e 

numer ica l  method cons i s t s  in finding the conditions under  which t h e  

solution of the difference equation approaches  the solution of the 

differential  equation a s  the finite d i f fe rences  a r e  made s m a l l e r .  

It was found tha t  the conditions for  convergence of the numer i ca l  

method being used a r e  the s a m e  a s  those for  stabil i ty with the 

additional r equ i r emen t  that  the absolute value of the second der iya t ive  

of the solution with r e s p e c t  to t ime  be bounded in  the reg ion  of - 
in te res t . l  Th i s  condition is sat isf ied in  the p r e s r z t  model .  

2 .  3 Accuracy 

The accu racy  and the re fo re  the e r r o r  of tile solct ion depends on :!-.e 

s ize  of two m a j o r  e r r o r s .  The f i r s t  e r r o r  2epe:;is or. :.o\\ clzac :;:e 

prac t i ca l  solution of the d i f fe rence  equation is rl j  an  r s a c i  so:,;tx:.. 

of  the d i f f e rence  equation. The second e r r s r  Ce?i.?.cs or. :?a\-,. cis:.. 

the exact  solution of the d i f fe rence  eq;at ior  i s  : z  7 5 ~  e s r c :  :-. .._ .. 

of the different ia l  equation. 

"-',.> E r C ~ , . . ~  and can be made  to b e  l e s s  than a preass igned  v&.lue. I..< .. I 

- .  

The firs: e r r o r  i s  \vc l l  ci:<ir SG.:'.:.: 
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e r r o r  i s  reduced b y  c e c r c a s i n g  the s i ze  of the  il;-.:~e ii::,,:y,-,c..e ,: 

ll-.e :,ariabIes until tE.c solut ions using t u 0  s u c c c s s l v e  s i z c r  ~;;!:~r 

only negligibly. The drawback  t o  t h i s  p rocedure  i s  t:-,a: rccicci:.; 

the  s ize  of the t ime  and space  d i f fe rences  r e su l t s  in a f iner  gr id  o r  

m e s h  of points ,  while the s i z e  of the reg ion  of in te res t  remzizs  z?,e 

s a m e .  

solve the problem. 

have resu l ted  in  a twenty pe rcen t  d e c r e a s e  in running t ime .  

approximate  500 percent  d e c r e a s e  i B  needed. 

the model  i s  unable to solve the p r o b l e m  with the r equ i r ed  a c c c r a c y  

i n  a sufficiently shor t  per iod  of t i m e  on  the Phi lco 2003. 

T h i s  si tuation c a u s e s  a n  i n c r e a s e  in  the t ime r equ i r ed  to 

E f f o r t s  to  i n c r e a s e  the efficiency of the ? r ; g r h m  

.r. 

At the i j res r rx  Yinr ,  

- 
2 . 4  S v c t r a l  Radiant  Es?osu re  Model  

P r o g r a m m i n g  has  continued in  o r d e r  to incorporat2 the nia:;-.e::-..zticzl 

modci  into a computer p r o g r a m  for  t h e  P h i l c G  7930.  A : j r ; g = - ~ s i \ - e  

- 3 -  



sacr : i ice  i n  a c c u r a c y  oi the f i n a l  r c s c l ~  o: I , , ss  ::,,:,:~, :i;j ,, 1'; . ~- .. 

T h  t i m e  reduct ion was e f fcc t cd  by re!asi:;C 2.z i:-.tcgr:.::fi:. zc:-r: L': 

r equ i r emen t  i n  "round-ear th"  subroutinc aza  by irn?r<,v:::: t i .? 

eff ic iency of tne method of convergence io  a safe sepa ra t ion  c : > i i ~ , i c .  

The  necess i ty  of t h i s  re f inement  r e s i d e s  i n  the p r e s e n t  a'aili:;: ~i 

producing approximate ly  t en  safe separa t ion  envelopes w h c r e i s  

previously the limit was one 'envelope for  e a c h  computer  +Ln 

submit ted.  

1. 

3.  -4 STICIPA TE D W O R K  

In  the next per iod ,  the t e m p e r a t u r e  model  w i l l  be put cjn a C 3 G  6622 

computer .  The znuch f a s t e r  machine should give t h e  acci:rate soli::>:. ::: 

a sho r t  t ime.  

b e  shortened t o  run  sufiiciently fas t  on the T i i i l i o  2 0 3 3  or i i  ::le CZZ o r ,  .' 

\vi;! have t o  be used exclbsively.  

significant p r o g r e s s  cax  be r q o r t e d  in cicterini:-.::-.g ::-.e fczs:5i:;ty .:i :st:-.: 3 

h sca led  up phys ica l  mode;  1:-. Grder to  x-eriiy l!-.? :resf:;: tsc;??:-aZ,rc .-:.:c.c: 

P r o g r a m m i n g  of the spec t r a l  r zd ian t  es?o;cre ;-:.aiel z:.C; . - '  ..= ~ar::::~.:; :-: 

ihe  P l i l c j  2000 will  continue \rit'n a co:np. e L L d . .  CL:? es>?i:c?z LLz::~.: :.~.c 
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1. INTRODUCTION 

This  qua r t e r ly  p r o g r e s s  r epor t  is submit ted in  compliance with 

Contractual  Agreement  A F  41 (609)-307.9 and cove r s  the pe r iod  

1 June 1966 through 31 August 1966. 

2,  WORK ACCOMPLISHED 

During the l a s t  work per iod effort  was expanded in  th ree  a r e a s .  

f i r s t  a r e a  'involved a n  investigation of stabil i ty and convergence of 

the numer i ca l  method present ly  being used in the t empera tu re  model. 

The second a r e a  included a review of the Genera l  E lec t r i c  r e p o r t  

The 

of October 1965 by R .  S. Czeh, A .  W .  Casper  and E. C. Segraves ,  

J r .  entitled 'fi Mathematical  Model of Flashblindness".  The  th i rd  

a r e a  was the init iation of programming a simplified model t o  

calculate eye-safe-separa t ion-d is tances .  

2 .  1 Stabil i ty and Convergence 

P a r t i c u l a r  consideration i s  being given to the re t ina l  t e m p e r a t u r e  

calculat ion portion of the mathemat ica l  model  f o r  p red ic t ion  of 

r e t ina l  bu rns .  

i s  rep laced  by a difference equat ionwhichis  solved by the  method 

of re laxat ion.  

The different ia l  equation of heat conduction 

A continued at tempt  i s  being made to define a 

i c r i t e r ion  which wil l  insure  the convergence of the re laxa t ion  
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process  to  the solution of the difference equation. 

cha rac t e r i s t i c  of the re laxa t ion  method of solution is tha t  

a n  exact solution cannot be  obtained in a finite number  of 

s teps .  A method is being sought which will de t e rmine  a t  

any stage of the re laxa t ion  how close the problem i s  to the  

solution. Previous ly ,  a n  intuitive determinat ion of prec i s ion  

has  been used. 

A 

Requisi tes  fo r  s tabi l i ty  of the  difference equation a r e  being 

studied, i . 'e . ,  i t  is d e s i r e d  to  know under what ma themat i ca l  

conditions the inevitable .round-off e r r o r  in computer  

caiculation does not accumulate  in success ive  s teps .  

of the l a rge  number of calculat ions involved in  the re t ina l  

t empera ture  calculation, the  round-off e r r o r  can become 

quite ser ious,  even with the  available twelve-place .accuracy  

of the Phiico 2000. 

Because  

Another considerat ion under investigation during the  l a s t  t h r e e  

months and a t  p r e s e n t  is the question of convergence of the  

so lu t ion  of the difference equation to the solut ion of the 

differential  equation a s  the  finite increments  of the independent 

var iab les ,  namely t i m e  and space ,  a r e  made s m a l l e r  and 

- 2 -  
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sma l l e r .  

of how the ini t ia l  conditions and boundary conditions of the  

problem affect  the solution. 

A question re la ted  to  th i s  considerat ion is  that  

A n s w e r s  to  a l l  these  questions must be found before  t h e r e  

can  b e  any confidence in  the numbers  the  mode l  obtains f o r  

re t ina l  t empera tu re  a s  a function of t i m e  and position, 

P r o g r e s s  is being made  in these  a r e a s  and it is fel t  the  

a n s w e r s  will  soon b e  forthcoming. 

2 . 2  Model of Flashbl indness  

In anticipation of new data descr ibed  in  the contractual  

s ta tement  of work,  the work of Czeh  e t  a l .  was reviewed 

with the intention of updating the flashblindness model  given 

in  the r epor t .  T o  date, no new appropr ia te  r ecove ry  time 

data h a s  been made  available.  

! 

The r e p o r t  s e a r c h e s  for  a model  for r ecove ry  t ime in t e r m s  

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

sou rce  energy ,  t a r s e t  luminance and v isua l  acuity in the i r  

p red ic tor .  T h r e e  models  a r e  d iscussed .  The model suggested 

b y  Brown a s  well  a s  the Gompertz  function w e r e  re jec ted  b y  

the au thors  in  favor  of a multiple r e g r e s s i o n  in  t e r m s  of 

The  au thors  decided to use 

I 

L 
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log luminance ,  v i sua l  acui ty  and log ene rgy  a s  independent 

v a r i a b l e s  (up to  the 3rd d e g r e e )  and log r e c o v e r y  time a s  

the dependent va r i ab le .  

T h e  au tho r s  do not c o m m e n t  on  the hypotheses  t h a t  m u s t  be 

a s s u m e d  b e f o r e  such a m o d e l  is appropriate .  

just i fy  probabi l i ty  s t a t e m e n t s  concerning time, it is n e c e s s a r y  

to  a 'ssume tha t  log r e c o v e r y  t ime  is normal ly  dis t r ibuted.  

P e r h a p s  a t e s t  of no rma l i ty  would be appropr i a t e  to  gain 

f u l l  ins ight  to  the p rob lem.  

In o r d e r  t o  

The  technique employed in  solving the n o r m a l  equation a s  

suggested by Ef roymson  is one which provides  valuable 

in t e rmed ia t e  r e s u l t s  i n  obtaining the proper  model .  

E f roymson  a lgor i thm s e l e c t s  the bes t  sub-model  of the 

or ig ina l  model .  

recognize  this choice ,  

The  

It  is  up t o  the  exper imentor  however to  

T h e  r e s u l t s  a r e  quite in te res t ing .  

The  Mi l l e r  and Brown da ta  (1306 points) were  used and when 

a mult iple  R2 value o f .  89 w a s  achieved only log ene rgy  

and log luminance (both t o  the  f i r s t  power) appea red  in  the  

model .  

t en  t e r m s ,  a mult iple  R2 of . 926 was  obtained. 

By continuing the computa t ion to  the end with t l l  

A s i m i l a r  

i \ 

I 

! 

1 

I 
I 

i 
I 
I 
I 
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phenomena o c c u r r e d  when source  energy  was m e a s u r e d  

i n  l a m b e r t s .  

A v e r y  impor t an t  f ace t  of this  experiment  is not reckoned '  

with i n t h e  l i n e a r  r e g r e s s i o n  model. 

a r e  not included a s  a s o u r c e  of variation. 

include s e p a r a t e  r e g r e s s i o n  analyses  f o r  each  of five subjec ts  

(Mil ler  da t a )  and the observat ion was made  that these are  

significant s u b j e t t  dif ferences.  It is suggested that a 

covar iance  mode l  be  introduced in  fu r the r  s tud ies  EO 

Subject  d i f fe rences  

The  study did 

that subject  d i f fe rences  may  be stacistically evaluated on 

the s a m e  b a s i s  a s  r e g r e s s i o n  coefficients with valid 

significance l eve l s .  

2 .  3 Simplified Mode l  

P r o g r a m m i n g  h a s  begun on a mathemat ica l  model  to 

calculate  eye - sa fe - sepa ra t ion  envelopes. 

be  s imi l a r  t o  the  one descr ibed  in P r o g r e s s  Report  Number 

3 under Cont rac t  A F  41<609)-2900; the difference a r i s ing  

from t ime  dependent f i reba l l  s i ze  and t empera tu re  and 

a tmospher ic  t r a n s m i s s i o n  based  on a " round-ear th  model". 

Because si the  t i m e  dependence, this  model  will produce 

separat ion envelopes at  each  selected t ime in te rva l  af ter  

This  model will 
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detonation. 

3. ANTICIPATED WORK 

The invest igat ion of stabil i ty and convergence f o r  the numer ica l  

method used in  the tempera t t i re  model  wil l  be completed and 

r e p o r t e d  on in  de ta i l  during the next per iod .  T h e r e  will be 

no fu r the r  effor t  expended on updating the  Genera l  E lec t r i c  

f lashbl indness  model  until new data  becomes  available.  

wil l  continue on the simplified ma themat i ca l  model  and an  

invest igat ion s t a r t e d  to  de te rmine  the feasibi l i ty  of using a 

Work 

sca l ed  up physical  model  i n  o rde r  to  ve r i fy  the p re sen t  t empera tu re  

model .  
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1 ,  INTRODUCTION AND SUMMARY 

Technology Incorpora ted  is proposing to  continue the r e s e a r c h  being 

conducted under Cont rac t  A F  41 (609)-2437 to  formula te  eye protect ion 

c r i t e r i a  by p repa r ing  appropr ia te  ma themat i ca l  models  of eye effects  

and develop nuc lear  f lash  eye safe  separa t ion  dis tance c h a r t s  and 

graphs .  

exper ience  i n  nuc lear  flash eye e f f ec t s ,  i s  cu r ren t ly  working in  this  

a r e a  and inc ludes .personne1  with exper ience  i n  mathemat ica l  analysis ,  

computer  p rogramming ,  nuclear  weapons effects and other  closely 

r e l a t ed  a r e a s .  

The  proposed  r e s e a r c h  t e a m  which h a s  a number of years 

Supporting capabi l i t i es  in these  a r e a s  have been  gained by Technology 

Incorpora ted  a s  shown by the following: 

1 .1  Mathemat ica l  Analysis  

Capabi l i t ies  in  ma themat i c s  and phys ics  a r e  cur ren t ly  available 

through Technology Incorporated.  

a r e a  a r e  being uti l ized on Cont rac ts  A F  41(609)-2437, A F  

The company’s effor ts  in this 

41,609)-2267, A F  33(657)-9537, A F  33(615)-1894, A F  41(609)- 

2906, A F  41(609)-2900 and A F  33(615)-1851 for the Aerospace  

Medica l  Division and Cont rac ts  A F  33(615)-1600, AF 33(6151- 

3282, A F  33(657)-10686, and A F  33(657)-11676 for  the 
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Aeronaut ica l  Sys tems Division. Technology Incorpora ted ' s  

Analysis  Section of the Texas  Division i s  continually growing 

due t o  the  demand fo r  t h i s  type of capability in the San Antonio, 

Texas ,  a r e a .  

1 . 2  Computer  P r o g r a m m i n g  

P r o g r a m m e r s  a r e  avai lable  with backgrounds in  mathemat ics ,  

s t a t i s t i c s ,  physics  and  engineer ing.  Programming is cu r ren t ly  

being done on the Phi lco  S-2000 Computer.  

exper ience  on the 5-2000 Computer ,  Company personnel  a t  the 

Texas  Division have exper ience  on the IBM 7094, 7090 and  709, 

Burroughs  205 and 220, and NCR 304 Computers.  

c 
In addition t o  

1. 3 Nuclear  Weapons Effects  

T w o  key personnel  on the  staff of the Texas Division par t ic i -  

pated in the la tes t  Pac i f ic  nuclear  testing effort. 

w e r e  concerned with such problems a s  the placement of data  

collecting ins t ruments ,  a i r c ra f t ,  and personnel.  

suppor t  by means  of ana lys i s  was furnished by the Company's 

pe r sonne l  be fo re  the tes t ing effort  began. 

amount of valuable exper ience  was acquired through par t ic i -  

pation in  these  t e s t s .  I n  addition, other  experience includes 

These  people 

Pre!iminary 

A considerable  
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pas t  and p resen t  work involving safe  sepa ra t ion  d is tances  fo r  

a i r c ra f t ,  based  on the rma l ,  ionizing, and blast  effects  f r o m  

nuclear  detonations. 

Other  advantage 6 of Technology Incorporated a r e  its location, 

s ize ,  and operation. 

Division a r e  located within the city of San Antonio, Texas .  

This  location p e r m i t s  c lose  l iaison between in te res ted  Ophthal- 

mology Department  pe r sonne l  and Technology Incorpora ted ' s  

pro jec t  team. 

The offices and l abora to r i e s  of the Texae 

To supply the Staff of Technology Incorporated with up - to -da te  

information on technical  l i t e ra ture ,  techniques.  and products ,  

a Company l i b r a r y  is maintained. 

The faci l i t ies  of Technology Incorporated and the personnel  

ass igned  to this task  a r e  c l ea red  t o  handle c lassi f ied information 

up t o  and including Sec re t .  
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2 .  STATEMENT O F  THE PROBLEM 

Since n o r m a l  v isua l  acuity is a requis i te  to  the successful  completion 

of an  a i r  co'mbat miss ion ,  e y e  protect ion f r o m  nuclear f l a shes  is a n  

establ ished r equ i r emen t  for  combat a i r c r e w s .  

c r i t i ca l  si tuation is that of a pilot flying a high per formance  a i r c r a f t  

a t  low level  where  loss of visual function fo r  m o r e  than a ' few seconds 

Probably the m o s t  

could be d i s a s t r o u s .  Eye protect ion is a l s o  an  important  fac tor  i n  

planning fo r  nuc lear  weapons t e s t s  since the safety of par t ic ipa t ing  
.. e,,?;.: .. .>. . . .,. 
i '~ .. ,..:I and observing personnel  m u s t  b e  insured .  

~~ . 
The b a s i c  purpose  of this work i s  t o  develop predict ions that c a n  

a s s i s t  in the planning and ana lys i s  of combat  operations.  A sec- 

ondary need a l s o  a r i s e s .  

Ophthalmology Branch,  SAM, i s  called upon to  provide e s t i m a t e s  

of d i s t ances  a t  which personnel  will not s.uffer detr imental  ocular  

effects.  

for  predict ing sa fe  d is tances  a r e  f a i r ly  t ime  consuming and sacr i f ice  

a ce r t a in  amount of accu racy ,  i t  i s  quite important  to have avai lable  

reliable safe separa t ion  d is tances  which can be acquired f r o m  graphs .  

In o rde r  t o  be m o s t  useful, these  curves  mus t  be accurate  and 

available in  sufficient quantity t o  cover the m o r e  frequently encoun- 

t e r e d  situations with the possibil i ty of interpolation for  in te rmedia te  

Quite often with minimal  notice, the 

Since even the relat ively s imple  computational methods  

values .  
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3.  APPROACH T O  THE PROBLEM 

Technology Incorporated p roposes  t o  continue the effort  t o  

develop nuclear  f lash eye safe separa t ion  dis tance c h a r t s  and 

eye protection c r i t e r i a  by p repa r ing  appropr ia te  mathemat ica l  

models  of eye effects. F u r t h e r ,  cu r ren t ly  available informa-  

t ion on both nuclear  weapons detonation and ocular  r e sponse  

t o  the rma l  radiation wil l  b e  analyzed,  evaluated, and compared  

i n  o rde r  to  fur ther  explore  the  relat ionship between the two. 

The best available data concerning the the rma l  radiat ion of 

nuc lear  detonations, a tmosphe r i c  t r ansmiss ion ,  and the effects 

of this radiation on the eyes  will  then b e  utilized in mathe-  

ma t i ca l  models.  

3. 1 Investigation 

Technology Incorpora ted  p roposes  to  continue a n  investi-  

gation to uncover the b e s t  available data  concerning the 

the rma l  radiation of nuc lear  detonations. 

effort is necessa ry  because  theore t ica l  f i rebal l  data  

generated by r ad ia t ion - t r anspor t  hydrodynamics computer  

A continued 

codes a r e  being made available.  A limited amount of 

theoret ical  data have been  generated a t  the Air F o r c e  

Weapons Laboratory,  Kir t land Air Fo rce  Base ,  New Mexico 
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and a t  Lockheed Miss i l e s  and Space Division, Sunnyvale, 

California. Also,  a l l  per t inent  t e s t  da ta  f r o m  Operat ion 

Dominic has not, a s  yet, been made  ava i lab le  in  final 

form,  

p r i m a r i l y  and the rma l  data  t o  a lesser d e g r e e .  

The m i s s i n g  t e s t  data  includes f i r eba l l  s i ze  data  

A continuing investigation to  uncover any  new re levant  

effects  of t h e r m a l  radiation on the e y e s  i s  a l s o  proposed. 

. .  
Cognizance.wil1 be maintained in o r d e r  t o  keep  ab reas t ,~ ; .  

of any r ecen t  findings concerning r e c o v e r y  t i m e s ,  the 

response  of t h e  t i s sues  t o  var ious  l eve l s  of f l a s h  energy, 

and absorp t ion  of ocular  media ,  r e t i n a l  pigment  and 

choroid. 

such p laces  as Ohio State University,  Medical  College of 

Virginia, Universi ty  of Michigan, the School of Aerospace 

Medicine, and the Naval Air Development Cen te r .  

P a r t i c u l a r  vigilance will b e  d i r e c t e d  toward 

A l l  eye effects information acqui red  by Technology Incor -  

porated under Cont tac t  A F  41(609)-2906 for the  School of 

Aerospace Medicine w i l l  be  fully exploited whereve r  

applicable to the eye effects problem in  gene ra l  and the 

mathemat ica l  models  specifically. 
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. Technology Incorpora ted  proposes  to  conduct this  invest i -  

gation by a l l  m e a n s  a t  i t s  d i sposa l ,  e. g., telephone ca l l s ,  

pe r sona l  v i s i t s ,  l i t e r a tu re  s e a r c h ,  information avai lable  

through the monitor ing agency, e tc .  

3.2 Analysis  

In o r d e r  t o  faci l i ta te  t he  p repa ra t ion  of eye safe s e p a r a -  

t ion d is tance  c h a r t s  and  the development of eye pro tec t ion  

c r i t e r i a ,  it is prudent  t o  define mathemat ica l  r e p r e s e n t a -  

t ions of the nuc lear  detonat ions,  the intervening a t m o s -  

phe re  and the  in t e rac t ion  of the  energy  with the eye  of t he  

o b s e r v e r .  

r ep resen ta t ions ,  i t  w i l l  be  n e c e s s a r y  to  analyze,  eva lua te  

and compare  cu r ren t ly  available data  on both nuc lear  

weapons detonation and  ocular response  t o  t h e r m a l  r a d i a -  

t ion in o r d e r  t o  f u r t h e r  explore  the relat ionship between 

the two. 

assoc ia ted  with eye effects,  the Phi lco 2000 Computer  

System and  o the r  computational faci l i t ies  located in  

Building 150, Brooks Air  F o r c e  Base ,  Texas ,  w i l l  be 

util ized whenever feasible .  

.. . j, 

I n  o r d e r  t o  produce re l iab le  ma themat i ca l  

To  aid in the investigation and calculat ion 

. .  . .. . 
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3.2. 1 - Fireba l l .  Although a f i reba l l  source  equation for 

low altitude a i r  b u r s t s  w a s  developed under Contract  

AF 41(609)-2437 using Dominic  t e s t  data,  t he re  a r e  

l imitations to  th i s  model .  

is a lack  of e a r l y  t i m e  da ta  which is a region of p r i m e  

interest .  

able,  Technology Incorpora t ed  proposes  to extend the 

scope of this  s o u r c e  mode l  to  include other  b u r s t  heights  

The m o s t  s e r ious  l imitation 

;.. 

If no o the r  b e t t e r  f i reba l l  data becomes  avai l -  

of in te res t ,  and t o  genera l ly  upgrade the model by inco r -  

porating appl icable  f i r eba l l  data  a s  i t  becomes  available.  
... ,'. 

Severa l  o rganiza t ions  have.developed, o r ' a r e  developing, 

theore t ica l  f i r eba l l  mode l s .  

of these  theo re t i ca l  s tud ie s  can  be incorporated in the 

source  model  fo r  use in  the re t ina l  burn-f lashbl indness  

p rograms .  P r e s e n t l y ,  l imi ted  data  is available f rom the 

Air F o r c e  Weapons L a b o r a t o r y  and Lockheed Miss i les  

and Space Division. The m o s t  promis ing  of the two, a t  

this t ime,  i s  t he  Lockheed data  which i s  in the f o r m  of 

color  t empera tu re ,  u l t ra  violet cut-off wavelength, and 

uniformly rad ia t ing  f i r eba l l  s ize  a l l  a s  a function of t ime .  

This  data  might be used t o  supplement the empi r i ca l  

It i s  possible  that the r e s u l t s  
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model  or ,  if  i t  becomes  available in sufficient quantity, 

i t  could be used  in i t s  p r e s e n t  form s ince  it has  compared 

favorably with t e s t  data .  

Whenever re l iab le  exper imenta l  data  is available in  

p rope r  form and quantity, it wi l l  b e  used  in defining the 

f i rebal l  sou rce ,  however,  the avai lable  theore t ica l  data  

w i l l  be compared  with t e s t  data  where  possible  and used t o  

extend the s o u r c e  in those  reg ions  where  t e s t  data  does  

not exis t ,  is inconsis tent ,  or is not available.  

. 

3.  2 . 2  - Atmosphere.  In choosing a model a tmosphere  in-?) ': 

which to  calculate a tmospher ic  t r ansmiss ion  a s  a function 

of wavelength, i t  i s  recommended that a general  type 

a tmosphere  be utilized, i. e . ,  continental, industrial ,  o r  

perhaps ,  m a r i t i m e .  

the Air F o r c e  Standard Day method of classification and 

because  the l a r g e s t  number of nuc lear  detonations will 

probably occur  over inland a r e a s  during combat condi- 

t ions.  

This  recommendat ion is fostered by 

Once the t r ansmiss ion  path is  above the haze level,  

the type of a tmosphe re  i s  unimportant and molecular  

s ca t t e r ing  co r rec t ed  for  density may  be used. In past 
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calculat ions the a tmospher ic  dens i ty  between two points 

a t  coaltitude w a s  a s sumed  to  be constant. 

mat ion  s e r v e s  quite nicely and in t roduces  l i t t le e r r o r  

when the pa th  length is  re lat ively short .  

c e r t a i n  conditions of yield and posi t ion the path length 

m a y  well exceed a hundred mi lee .  Under these  conditions 

This  approxi -  

However, for  

i t  m a y  b e  advisable  to  u s e  a be t t e r  e s t ima te  of the va r i a -  

t ion in densi ty  which will ref lect  the  actual optical pa th  

length. 

amount  of e r r o r  introduced by using the approximation. e 
*? 

Any change in method wil l  b e  dictated by the 

When deal ing with the f lashbl indness  problem, the t r a n s -  

po r t  of energy  through the a tmosphe re  mus t  be handled 

different ly .  

the sca t t e red  and re f lec ted 'energy  will make a background 

contribution, 

In addition to  the energy  focused by the eye,  

F o r  low altitude detonations the sur face  

albedo for  for the A i r  Force Standard Days might well be 

used to account for reflected energy .  

s c a t t e r e d  energy  will depend upon the composition of the 

mode l  a tmosphe re  used. 

The amount of 
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3 .  2.  3 - =e. 

dimensions for pupil s i z e  and focal length a r e  t h r e e  and seven 

mi l l imeters  for d iurna l  and nocturnal  pupi l lary d i ame te r  and 

seventeen m i l l i m e t e r s  f o r  the equivalent focal length of the eye,  

In the past ,  the th ree  ocular  t r ansmiss ion  tab les  which a r e  

presented in  DASA Repor t  1 2 8 2  enti t led "Model for Predic t ion  of 

Retinal Burns" and which a r e  reportedly based  on r e s e a r c h  a t  the 

Medical College of Virginia  have been used f o r  computational 

purposes.  Because of the  manner  in which these  values  w e r e  

collected,  i. e. , a senso r  at a re la t ively l a r g e  opening cu t  in  the 

sc l e ra ,  sca t te red  energy  m a y  have been included in the resu l t s .  

If this is so, i t  maybe n e c e s s a r y  to use data collected a t  the 

University of Michigan using a different method. 

F o r  the s implif ied human eye, the most  probable 

The  tempera ture  r i s e  n e c e s s a r y  to cause  re t ina l  damage  will be 

based  on values previously determined by the mathemat ica l  model 

by utilizing minimal  bu rn  data .  

wil l  be updated using labora tory  data cu r ren t ly  being generated a t  

the School of Aerospace  Medicine under cont rac t  A F  41(609)-ZqOO. 

The e a r l i e r  min imal  t empera tu res  

It may be advantagous to  check the predicted t empera tu re  given 

by the mathematical  model  against  a scaled-up physical model. 
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This  might be done by a gr idwork of thermocouples  submerged 

in  a water  bath on which a known quantity of t he rma l  energy is 

focused. 

In developing a flashblindness pred ic t ion  model ,  the s a m e  

s p e c t r a l  energy  source  a s  used f o r  r e t ina l  bu rn  can  be utilized. 

After  the energy  has  been  p r o p e r l y  t r anspor t ed  through the 

a tmosphere ,  i t  can be adjusted fo r  t he  luminous efficiency 

curve  of the eye. 

tinguish between scotopic and photopic luminous efficiency 

cu rves  a t  this t ime because of o ther  inaccurac ies .  ) The 

resu l t ing  energy  can then be used  as  input to  the flashblind- 

n e s s  equations developed at  Gene ra l  E l e c t r i c  t o  give an  es t i -  

m a t e  of recovery  t ime.  P resen t ly ,  t hese  equations have 

a f a i r l y  l a r g e  percent  s tandard  e r r o r  which can be dec reased  

by inclusion of better data  which should b e  available f rom r e -  

s e a r c h  a t  Ohio State University.  Safe separa t ion  d is tances  

f o r  f lashbl indness  would involve choosing an  acceptable  r e -  

covery  t ime  compatible with the m i s s i o n  being per formed.  

(It wil l  probably not be necessa ry  to dis-  

It i s  recommended that c lose l ia ison be maintained between in te res ted  

Ophthalmology Department personnel  and  Technology Incorporated 's  
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projec t  t e a m  so  that any extensive modifications to  the models  

o r  generat ion of any significant amount of data  m a y  be  judiciously 

init iated by the  Contract  Monitor. 
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4. RELATED EXPERIENCE 

Technology Incorpora ted  wil l  uti l ize the exper ience  which h a s  been 

gained in re la ted r e s e a r c h  e f for t s  to  successful ly  complete  the 

proposed p rogram.  

awareness  of p r e s e n t  s ta te -of - the-ar t ,  b u t  a l so ,  ce r t a in  insight into 

those  procedures  and ma themat i ca l  t r ea tmen t s  which a r e  espec ia l ly  

applicable to the p r e s e n t  p rob lem.  

T h i s  r e l a t ed  exper ience  not only includes complete  

Company background and expe r i ence  m a y  be emphas ized  through a 

rev iew of pas t  and p r e s e n t  r e l a t ed  r e s e a r c h  effor ts .  . .  

Utilizing a computer  p r o g r a m  in FORTRAN, Technology Incorpora ted  

computed the r e t ina l  s a fe - sepa ra t ion  d i s t ances  f r o m  the burning 

effects  of nuclear detonat ions.  Curves  based  on sea- leve l  posit ions 

of the nuclear b las t  and the o b s e r v e r  with and without protect ive eye 

devices  were  p r e p a r e d  f o r  n o r m a l  and a b n o r m a l  s tandard days  under 

day and night conditions.  

6570th Aerospace  Med ica l  R e s e a r c h  Laborz to r i e s  sponsored  this 

study under Contract  A F  33(657)-8334. 

The Radiation Shielding Branch of the 

The r e s e a r c h  conducted under  Contract  A F  33(657)-11537,'  a 

continuation of the study under  Cont ras t  A F  33(657)8334, ref ined 
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previous ly  prepared  c u r v e s  indicating under  var ious  conditions the 

r e t ina l  sa fe-seapra t ion  d i s t ances  between o b s e r v e r  and nuclear  blast ,  

both posit ioned a t  s e a  level,  and extended the scope of t hese  cu rves  

t o  different observer  and nuc lea r  b l a s t  evaluat ions.  

of t h e s e  cu rves ,  Technology Incorpora t ed  investigated the t e m p e r a -  

tur'e a s soc ia t ed  with min ima l  r e t ina l  b u r n s  produced under labora-  

t o r y  conditions. 

Upon completion 

,-,. .I .-..I ~3 ~ .., ,.,, 

. - ,  

Supplementing the r e s e a r c h  init iated under  Contract  AF'  33(657)-8334 

and continued under Contract  A F  33(657)-11557, Contract A F  41(609)- 

2437, a l s o  sponsored by the Aerospace  Medical  Division, involved r e -  

f inement  of a mathemat ica l  mode l  of r e t i n a l  bu rns  f rom nuclear  f lashes .  

Another t a s k  required p repa ra t ion  of nuc lea r  f i rebal l  source tables  

which showed for var ious yields and  a l t i tudes  the spectral  i r rad iance  

and dimensions ve r sus  t i m e .  

writ ing,  for the Philco S-2000,of a p r o g r a m  t o  handle spec t r a l  data 

a s  a d i r e c t  input t o  a ma themat i ca l  model  f o r  re t inal  burn.  Also  

re t ina l  b u r n  data f rom l abora to ry  t e s t s  w e r e  analyzed in the light 

of s i m i l a r  data  f rom weapons t e s t s .  

Related to  th i s  requirement  was the 

Working in support  of the A i r  F o r c e  Spec ia l  Weapons Center ,  Kir t -  

land Air  F o r c e  Base ,  Technology Incorpora t ed  i s  performing var ious 

s ta t i s t ica l  t e s t s  on nuclear t e s t  da ta  t o  develop a statist ical  design 
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procedure  f o r  shock  isolat ion sys t ems  to  be incorpora ted  in under- 

ground protect ive s t r u c t u r e s .  

induced ground shock  r e c o r d s  into s e t s  of different  wavelength pat terns ,  

s ta t i s t ica l ly  analyzing the  r e c o r d s  in each  s e t  f o r  population grouping, 

es t imat ing  the s ignif icant  p a r a m e t e r s  defining e a c h  s e t  distribution 

function, der iving from t h e s e  functions the r e s p o n s e  distribution 

function of a mechanica l  sys t em,  finding the probabi l i ty  of the 

mechanica l  s y s t e m  f a i l u r e  due t o  each input se t ,  and finally giving a 

detai led s t a t i s t i ca l  des ign  procedure  for  the shock  isolat ion systems.  

T a s k s  include dividing a i r  -blast  

. .  

Nuclear  b l a s t  e f fec ts  upon in-flight a i r c r a f t  w e r e  invest igated in the 

r e s e a r c h  effort  under Con t rac t  A F  3 3 ( 6 5 7 ) - 8 3 7 3 .  

w e r e  examined to  d e t e r m i n e  the heat ,  o v e r p r e s s u r e ,  and radiation 

inputs to specif ic  weapon s y s t e m s  a s  functions of t he  a tmosphere ,  

weapon yield,  and a i r c r a f t  location. 

and the a i r c r a f t  a r e a s  m o s t  susceptible to  damage  w e r e  ascer ta ined,  

the to le rance  leve ls  of e a c h  pa rame te r  and the s t r u c t u r a l  l imits  for 

par t icu lar  types of a i r c r a f t  w e r e  established. 

Nuclear  phenomena 

After  t hese  l eve l s  were  computed 

Under Cont rac t  A F  33(657) -10686 ,  Technology Incorpora ted  i s  

analyzing existing nuc lear  effects  prediction fo rmulae  to ver i iy  the 

s a f e  - e scape  calculat ions used  in  ADC Nuclear Weapon Delivery 
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Handbooks. 

weapons effects IBM 7090 p rogram fo r  the ASD Offensive Sys tems 

Office. 

a r e  being de te rmined  to recommend fu ture  t e s t  efforts to the  A i r  

F o r c e .  

This  ana lys i s  will lead t o  the writ ing of a nuc lear  

In addition, voids in  existing knowledge of sys t ems  capability 

Contract  A F  41(609)-2464 f o r  the USAF School of Aerospace Medicine 

involved r e s e a r c h  on the ocular  effects  of t h e r m a l  radiation. Included 

was the design,  fabr icat ion,  and calibration of a high-intensity t h e r m a l  

source  for  exper imenta l  use .  P r o g r a m  objectives included t h e  

defining of c r i t e r i a  for the  production of flashblindness and chorio- 

re t inal  burns ,  developing and tes t ing techniques t o  pred ic t  f lash-  

bl indness  and chor io re t ina l  burns  suffered under var ious exposure 

conditions, and developing and evaluating devices  as  well a s  tech-  

niques to  p ro tec t  against  v i sua l  impai rment  f r o m  the rma l  radiat ion 

exposure.  

model  capable of pred ic t ing  f lashbl indness  sever i ty  and duration, 

wavelength r e sponse ,  and post-exposure illumination level;  ex-  

pansion of f lashbl indness  threshold  data;  and methods to  identify 

minimal  bu rns  and t o  r e l a t e  them t o  pertinent p a r a m e t e r s ,  such 

a s  image size,  i r r ad iance ,  and ret inal  location. 

P a r t i c u l a r  a i m s  sought development of a mathematical  
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Under Contract  N 140( 131)-7527 1B ( X ) ,  Technology Incorpora ted  aided 

the  Naval Mater ia l  Labora to ry  in  installing, calibrating, and operating 

t he  instrumentat ion t o  r e c o r d  the t h e r m a l  and visible r ad ia t ion  effects 

of nuclear  detonations. Such data, r eco rded  on magrretic tape,  

osc i l logram,  c a m e r a  f i l m ,  and s t r i p  char t ,  was processed .  
~, . . 

Init iated under Contract  N 140(131)-75231 B ( X ) ,  r e s e a r c h  on the 

t h e r m a l  and visible radiat ion effects  of nuclear  detonations continues 

under  Cont rac t  N 140(62462)-7680 4B for the Navy's Applied Science 

Labora tory .  

phase  of this effort. I n  the 'development  of a testing capability,!' 

ins t rumenta t ion  sys t ems  t o  r e c o r d  data  on osc i l lograms and  magnet ic  

t ape  a r e  being designed, fabr ica ted .  and tested. These s y s t e m s  wil l  

incorpora te  specially designed t r ansduce r  packages.  Var ious  light 

s o u r c e s  a r e  being employed in the development of ca l ibra t ion  sys t ems  

for labora tory  and field use .  

. 

The p rocess ing  of Operat ion Dominic data  is a m a j o r  
--.,.,*; E:l 

Under Contract  N 62269-2264, sponsored  by the U.  S. Naval Air 

Development Center ,  Technology Incorporated is expanding the  

capabili ty of a mult ivisual  opt ical  device designed for nuc lear  i lash 

b l indness  experimentation, 

a r e  being studied to  evolve addi t ional  types of tes t  p a r a m e t e r s .  

Phenomena related to  f lash b l indness  
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Prede te rmined  by digi ta l  computation, data  for  t e s t  p a r a m e t e r s ,  

such a s  t a rge t - su r round  luminance, f l i cker  r a t e s ,  and t a rge t  

posit ioning, wil l  be fed through tape o r  c a r d s  a s  s imula ted  input 

to  the optical  device and the resul t ing s igna l  output will  be supplied 

to  a n  analog-to-digital  conver te r  to  genera te  a data  f o r m a t  compatible 

with a s tandard  e lec t ronic  computer .  

Cont rac t  A F  33(616)-7887, sponsored by the Bionics and Neuro- 

physiology Sect ion of the  Aerospace  Medica l  R e s e a r c h  Labora to r i e s ,  

entai led the d e s i g n  and construct ion of expe r imen ta l  equipment  and 

s imulat ion s y s t e m s  fo r  r e s e a r c h  on living information handling 

sys t ems .  Included among the developmental  equipment was an  

e lec t ronic  analog,  based on the functioning of  biological  sys t ems ,  

to s imuia te  neurosensory  networks for the conversion of s enso ry  

information,  such a s  a l ight o r  sound pa t t e rn ,  to  a form compatible 

with neuron network analogs o r  adaptive computers .  

. ,*y 
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5. REPORTS 

Technology Incorpora ted  will  submi t  in formal  p r o g r e s s  r e p o r t s ,  

i n  t r ip l ica te ,  a t  the end of t h r e e ,  six and nine months and a f inal  

technical documentary  r epor t  a t  the end of th i r teen  months.  The 

informal  p r o g r e s s  r e p o r t s  wil l  cover  work  s ta tus ,  diff icul t ies  en-  

countered during the reporting per iod and the r e m e d i a l  ac t ion  taken, 

and a s ta tement  of anticipated act ivi ty  during the subsequent  r epor t ing  

per iod.  The f inal  r e p o r t  wil l  be submit ted as follows: 

A. Instruct ions f o r  P repa ra t ion :  

The r e p o r t  will be p r e p a r e d  in acco rdance  with the  provis ions  

of USAF Aerospace  Medica l  Division publication, "Specifications 

and Standards  for  Technica l  Repor ts" ,  (o r  r e spec t ive  

supplementing o r  superseding  documents.  ) 

B. P r e l i m i n a r y  Draft:  

1. Technology Incorpora ted  will  submit a typed, double- 

spaced pre l iminary  d r a f t  manuscr ip t  of the Tecnnica l  

Documentary Repor t  to  the USAF School of A e r o s p a c e  

Medicine for  technical  and format  review.  

draf t  sha l l  be comple te ,  including ( a s  appl icable)  all  t e s t  

r e s u l t s ,  conclusions,  t ab les ,  i l lus t ra t ions ,  and appendices .  

The 7 r e l i m i n a r y  
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2. Technology Incorpora ted  w i l l  be respons ib le  for  insuring 

that  the r e p o r t  is ed i tor ia l ly  c o r r e c t  and that i t  conforms 

to accepted common  usage  and good p rac t i ces  in  scien-  

t i f ic  and technica l  wri t ing f o r  a genera l ly  broad audience. 

3. When the preliminary d r a f t  i s  r e tu rned ,  Technology,  ' 

Incorporated will m a k e  the changes,  additions,  o r  c o r r e c -  

t ions designated b y  the U S A F  School of Aerospace  Medicine. 

The co r rec t ed  copy will be cal led the approved draf t . .  !*: 
$ ,?.. 

4. Technology Incorpora ted  wi l l  make e v e r y  effor t  to  i n s u r e  

that  the p re l imina ry  d ra f t  manusc r ip t  i s  complete  and 

accu ra t e ,  thus  el iminat ing the need for submitt ing a 

second p re l imina ry  draf t .  

of Aerospace  Medicine d e t e r m i n e s  that the first prel iminary 

d r a f t  r equ i r e  ex tens ive  rewri t ing o r  additions requir ing 

fu r the r  technical  rev iew by the USAF School of Aerospace 

Medicine,  the  f i r s t  p re l imina ry  d ra f t  will  be re turned 

f o r  appropr ia te  revis ion.  

a second p re l imina ry  d ra f t .  

the revised d r a f t  for  approval  of the I J S A F  School of 

Aerospace  Medicine.  

However ,  if the  USAF School 

The Cont rac tor  wi l l  p repare  

The Cont rac tor  will r e tu rn  
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5. F ina l  Draf ts :  Reproduction Copies  for Photo-offset  

Pr in t ing :  A f t e r  rece ip t  of the approved draf t ,  Technology 

Incorpora ted  will  p r e p a r e  a n  or ig ina l  typed bound copy 

i n  accordance  with the r equ i r emen t s  of .Pa rag raph  A and 

submi t  this  copy to the USAF School of Aerospace  

Medicine for  f inal  f o r m a t  review,  approval ,  printing, 

and dis t r ibut ion.  In addition, Technology Incorporated 

w i l l  p r e p a r e  and forward 51 Xerox  quality bound copies 

of the f ina l  d ra f t  fifteen months after the  s ta r t ing  date  

of the contract .  
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6. CHRONOLOGY 

Technology Incorporated is prepared t o  perform the proposed work 

a s  a continuation of Contract'AF 41(609)-2437 and es t imates  that it 

wil l  require a per iod of one year .  
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7. PERSONNEL 

The  work  proposed by T e c h o l o g y  Incorpora ted  wil l  be conducted 

unde r  the  gene ra l  supervis ion of Dr. Ralph G. Allen, D i rec to r  of 

R e s e a r c h ,  Texas  Division. 

It is anticipated that  Mr .  Ar thu r  F. Muller  wil l  b e  ass igned  to 

t h i s  p ro jec t  a s  principal  invest igator ,  

expe r i ence  in this  scientific a r e a  and ha5 b e e n  pr incipal  investi-  

He h a s  had considerable 

ga tor  on  the  preceding effort. 
L t  

In  addition, other  scientific m e m b e r s  of the  staff wi l l  be  available 

to contr ibute  the i r  spec ia l  skills to  the solutions .~ of the va r ious  

p r o b l e m s  associated with th i s  r e s e a r c h  effort .  The i r  r e s u m e s  

a r e  p re sen ted  on the following pages.  

. i , . .  . . ,  . .  
. ~ 4. 
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RALPH G. ALLEN, J R . ,  Ph. D . ,  Pr inc ipa l  Resea rch  Scientist  

Education: B. S., University of Texas, 1947 
M. A. , University of Texas ,  1948 
Ph. D., University of Texas ,  1953 

Publications : (1) Allen, Ralph G. ,  J r . ,  "Slow Neutron C r o s s  Sections of 
Au, Ag, In, Ni and NiO, " Physical  Review, Janua ry  1954. 

(2)  Picker ing ,  John E., W. T. Culver,  Ralph G. Allen,  Jr., 
R. E. Benson, F. N. M o r r i s ,  D. B. Williams, R. W. 
Ze l lmer ,  and E. 0. Richey, Ef fec ts  on Eyes from Exposure 
to  Very-High Altitude Burs t s ,  Operation Hardtack  ITR-1633. 
P ro jec t  4. I . ,  1958. 

(3) Allen, Ralph G. , J r . ,  The Shadow and Substance of Space,  
Command Staff School, Maxwell AFB, Alabama, Apri l  1960. 

(4 )  Allen, Ralph C., J r , ,  F r a n k  A. Brown, Loren  C. Logie, 
David R, Rovner ,  Stephen G. Wilson, J r . ,  Rober t  W. 
Ze l lmer ,  Acute Effects  of Gamma Radiation i n  P r ima tes ;  
SAM Repor ts  59-41, Apri l  1959; Radiation R e s e a r c h ,  Vol. 12, 
No. 5,  pp. 532-539, Academic P r e s s  Inc, , May 1960. 

( 5 )  Ze l lmer ,  Robert  W . ,  and Ralph G. Allen, Jr. "Cosmic 
Radiation - Laboratory Observations,  I' presented  at 
symposium on Aerospace  Radiobiology, October 1961; 
pitblished in Aerospace Medicine, Vol. 32, No. 10 ,  pp. 
942-946. 

( 6 )  Brown, F r a n k  A , ,  Ralph G. Allen, J r . ,  and Bruce  E. 
Jacobson, Determination of the Dissociation Constants of 
Chlorophenal Red, Paranitrophenol and Phenol Red,  SAM 
Report 61-69, October 1961; Radiobiology 7757-67016. 

P icker ing ,  John E . ,  Ralph G. Allen, J r . ,  and Oskar  L, 
Ri t te r ,  P rob lems  in  Shielding. Medical and Biological 
Aspects of the Energies  of Space,  Columbia University 
P r e s s ,  New York and London, 1961. 

( 7 )  
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(8) Allen, Ralph G., J r . ,  Eve re t t  0. Richey, J a m e s  F. Culver ,  
et  a l . ,  "Product ion of Chor iore t ina l  Burns by Nuclear 
Detonations and Tests of P ro tec t ive  Devices and Phototropic 
Mate r i a l s ,  " Operat ion Dominic, P ro jec t  4. 1 ,  P o r n ,  
August 1962. 

(9) Allen, Ralph G.,  J r . ,  Eve re t t  0. Richey, J a m e s  F. Culver ,  
et  a l . ,  "Product ion of Chor io re t i i a l  Burns by Nuclear  
Detonations a n d  T e s t s  of P ro tec t ive  Devices and Phototropic 
Mate r i a l s ,  'I Operat ion Dominic, P ro jec t  4. 1, POIR 
(Addendum), " November 1962, FCDASA 2014-1. 

FCDASA 2014 SECRET RD. 

(10) Zel lmer .  Rober t  W., Granville J. Womack, Richard C. 
McNee. and Ralph G. Allen, J r . ,  "Significance of Combined 
Stresses of G - F o r c e s  and I r rad ia t ion ,  " presented at the  
Aerospace Medica l  Associat ion Meeting in Atlantic City, 
New J e r s e y ,  Apr i l  1962; published in Aerospace Medicine, 
Vol. 34 ,  No. 7 ,  Ju ly  1963.. 

(11) Allen, Ralph G . ,  J r . ,  Evere t t  0. Richey, James F. Culver ,  
et al. , "Production of Chorioret inal  Burns by Nuclear 
Detonations and  T e s t s  of Pro tec t ive  Devices and Phototropic 
Mate r i a l s ,  " Operat ion Dominic, P r o j e c t  4. 1,  POIR,  October 
1963, i n  publication by FCDASA SECRET RD. 

( 1 2 )  Allen, Ralph G., J r . ,  J ames  F. Culver ,  and Evere t t  0. 
Richey, "Chorioret inal  Burns and Pro tec t ive  Devices, ' I  

p resented a t  DASA F i s h  Bowl Symposium, Chicago, I l l inois,  
November 1963. 

(1 3 )  Allen, Ralph G. , Jr. , and Evere t t  0. Richey, "Chorioretinal 
Burns (Chapter Seven),  " T h e r m a l  Effects Handbook, A F  
Weapons Labora tory ,  1963. 

Exper icnc  e :  As chief,  Nuclear  Phys ics  Division, Ai r  F o r c e  Office of 
Scientific R e s e a r c h ,  Dr. Allen planned, initiated, and 
managed the p r i m a r y  Air  F o r c e  p r o g r a m  of cont rac t  r e s e a r c h  
in bas ic  nuclear  physics ,  including r e s e a r c h  in e lementary  



RALPH G. ALLEN, J R . ,  Ph. D . ,  Pr inc ipa l  R e s e a r c h  Scientist  (continued) 

par t ic les ,  nuclear s t ruc tu re ,  c o s m i c  r ays ,  re la t ivi ty  and 
gravitation. 
F o r c e  on var ious scientific commi t t ees ,  including com- 
mit tees  of the Nat ional~Science Foundation, the  National 
Academy of Sciences,  and the  F e d e r a l  Council for  Science 
and Technology. 

As chief,  P lans  and Analysis Division, Aerospace Medical 
Division, he in te rpre ted  Air  F o r c e  plans and objectives 
in  t e r m s  of the  Aerospace  Medical  Division, par t icu lar ly  
in the rapidly developing f ie ld  of space  technology. 

With the  Department of Radiobiology, Air  F o r c e  School of 
Aviation Medicine, Dr. Allen planned and conducted r e -  
s e a r c h  dealing with the effects of radiation on biological 
sys t ems .  P a r t  of this  work  w a s  concerned with the bio- 
logical effects of radiations f r o m  nuclear  weapons and w a s  
conducted during weapon t e s t s  a t  the  Nevada and Pac i f ic  
t e s t  a r e a s .  

He a l s o  r ep resen ted  the AFOSR and the  Air  

AS chief,  Air F o r c e  Special P r o j e c t s  Office, AEC Oak 
Ridge Operations Office, Dr. Allen performed Air F o r c e  
l ia ison with the AEC and the Oak Ridge National Laboratory 
in connection with technical pro jec ts  of mutual in te res t  t o  
the  Air F o r c e  and the Atomic Ene rgy  Commission, pa r -  
t i cu la r ly  the Aircraf t  Nuclear Propuls ion  P rogram.  This 
work  involved a famil iar i ty  with r eac to r  principles and 
r eac to r  development problems,  meta l lurgy ,  shielding, 
radiation effects, nuclear instrumentat ion,  etc. In addition, 
he gained experience in var ious a spec t s  of radiobiology, 
health physics ,  and dos imet ry  assoc ia ted  with Air  F o r c e  
radiobiology projects  conducted a t  the Oak Ridge National 
Laboratory and the Air  F o r c e  School of Aviation Medicine. 

While. employed by the Optical Resea rch  Laboratory,  
University of Tcxas ,  he planned, d i rec ted ,  and per formed 
r e s e a r c h  in physical  optics with p r i m a r y  emphasis on investi-  
gations dealing with interference phenomena and the optical 
p roper t ies  of thin metal l ic  f i lms  and in te r fe rence  f i l ters .  



ARTHUR F. MULLER, Senior  R e s e a r c h  Mathematician 

Education: A .  B .  Mathemat ics ,  St. Benedicts College 
M. S. Mathematics-Stat is t ics ,  Kansas  State Universi ty  
Completed additional cour se  work  in Mathematics  at 
the Universi ty  of Wichita and the Universi ty  of Dayton 

P ro fes s iona l  
Affil iations:  Society f o r  Indus t r ia l  and Applied Mathematics  

Amer ican  Sta t i s t ica l  As sociation 

Pub1 ic a t ion s: Minimum Dis tances  f o r  Retinal Burn ,  AMRL-TDR-63-56 
Co-author  - A Study Covering Util ization of Statistical 
Data in  Relation to Design C r i t e r i a  Analysis  Techniques 

Experience:  Serving as a n  appl ied mathematician,  Mr.  Mul le r  is now 
engaged pr inc ipa l ly  in the mathemat ica l  ana lys i s  of data 
utilizing 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 previously conducted a n  extensive study on  the uti 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  f o r  ae ro -  
nautical  loads p r o g r a m s .  

During p r i o r  employment  with the Boeing Company, Wichita, 
Kansas ,  Mr .  Mul l e r ' s  main  responsibil i ty was  the ana lys i s  
of engine-to-wing configurations,  using mis s ion  p r o g r a m s  
wri t ten special ly  f o r  them.  M r .  Muller  also worked on the 
ana lys i s  of s t r u c t u r e s ,  the resolution of aerodynamic  prob-  
l e m s ,  and  the des ign  of IBM 709 p r o g r a m s  with FORTRAN 
and machine language. 
pe r fo rmance  of c r o s s - c o r r e l a t i o n s ,  au to -co r re l a t ions ,  
miss ion  p r o g r a m  design,  r eg res s ion  ana lys i s ,  and the 
writing 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 College,  Atchison, Kansas .  

His  var ious  e f fo r t s  included the 



ROBERT A. SCHMALL, P. E . ,  Assoc ia te  Pr inc ipa l  Resea rch  Engineer 

Educat ion:  M. S. in Aeronaut ical  Engineer ing,  University of Cincinnati 
Bachelor  of Mechanical  Engineer ing,  University of Dayton 

P r o f e s s i o n a l  
Affil iations : Amer ican  Society of Mechanical  Engineers  

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 
Plane Rece iver ,  Both Source  and Rece iver  Located Between 
Two Lamber t  P l a n e s ,  " ASD Technical  Report  61 -282, 
June  1961. 

Publ icat ions : 

Design and Operat ion of a Space Rendezvous Simulator ,  A F  
A P L  TR-64-130, A i r  F o r c e  Sys t ems  Command, Wright- 
Pa t t e r son  Air  F o r c e  Base, Ohio, October  1964. (coauthor) 

Exp e r i enc  e : As a staff m e m b e r  of the  company ' s  Astronaut ics  Division, 
M r .  Schmall  appl ies  t h e  theo r i e s  of mass and energy t ranspor t ,  
dynamics ,  and k inemat ics  to per t inent  r e sea rch .  Included 
among h is  act ivi t ies  have been the  investigation of the  t h e r m a l  
and p r e s s u r e  effects  of nuclear  detonations on manned and un-  
manned aeronaut ica l  s y s t e m s ;  the computer  programming of 
t h e r m a l  and o v e r - p r e s s u r e  inputs resul t ing f r o m  nuclear  de t -  
onations in multiple combinations of yield,  burs t  height, and 
a tmospher ic  conditions : the  des ign ,  development, and tes t  of 
a n  advanced wind s h e a r  probe;  the  des ign  of a hydraulically 
actuated acce lera t ion  sys t em;  and the  design and evaluation of 
var ious  space  maintenance concepts  and equipment. 
Schmall  has  a broad p rogramming  experience including use  of 
the  Donner Analog compute r ,  machine  language and ALGOL on 
the Burroughs 205 and  220 ,  and FORTRAN on the IBM 1620 
and 7094.  

Before joining Technology Incorporated,  Mr .  Schmall was a 
r e s e a r c h  engineer f o r  the Universl ty  of Dayton Resea rch  
Insti tute where  he worked  on heat t r a n s f e r  in a i r c ra f t  s t ruc-  
t u r e s ,  the t r anspor t  of energy through t h e  a tmosphere,  t h e  
determinat ion of a i r c r a f t  response  in the delivery of nuclear 
weapons,  and the m e a s u r e m e n t  of l a se r  outputs. He was  a l so  
a n  ins t ruc tor  in  the Mechanical  Engineer ing Department of the  
University.  

Mr .  



ROBERT A. SCHMALL. P. E. , Associa te  P r inc ipa l  Research  Engineer (Cont'd) 

A s  a P r o j e c t  Engineer  for  the Duriron Company, Inc . ,  he 
was  respons ib le  for the design,  development, and t e s t  of 
heat exchangers ,  pumps,  va lves ,  and f i l t e rs  f o r  the chemical  
p r o c e s s  industry.  



ROGER L. BESSEY, R e s e a r c h  Phys ic i s t  

Education: B. S. i n  Phys ic s ,  Yale University 
M. S. in  P h y s i c s ,  Purdue  University 

P ro fes s iona l  
Affiliations : Sigma Pi Sigma 

Exper  i enc e : M r .  Bessey  h a s  been applying var ious  s ta t i s t ica l  
and computat ional  techniques t o  nuclear  detonation 
data t o  de t e rmine  the  threshold posit ions and d i s -  
tances  fo r  pe rmanen t  visual  damage and t e m p o r a r y  
f lash  bl indness .  
which govern  t h e  deg ree  of nuclear  effects t r a n s -  
mis s ion ,  the r e l a t ive  alt i tudes of the nuclear b u r s t  
and t h e  par t ic ipa t ing  personnel ,  and the types of 
pro tec t ive  eye  devices  a r e  among the vital p a r a m -  
e t e r s  of his  r e s e a r c h .  H e  is  cur ren t ly  p r o g r a m -  
r i n g  a Phi lco  S-2000  Computer f o r  a m o r e  s t ab le  
solution t o  a heat  conduction problem. 

Various types of a tmosphe res ,  

On the  faculty of Pu rdue  University,  he s e r v e d  i n  
the Phys ics  Department .  While engaged a s  a r e -  
s e a r c h  phys ic i s t  fo r  the Army Quar t e rmas te r  Corps ,  
he conducted f l a s h  blindness experiments  with l a s e r  
models ;  by using 1 Mev Van d e r  Graaf genera tor  and 
res i s t iv i ty  m e a s u r e m e n t s ,  he  studied energy f o r  
production of vacancies  and in te rs i t ia l s  i n  thin mete1 
fo i l s ;  and he  cons t ruc ted  a shock tube. 



PATRICK W. WILSOS, J R . ,  Junior  R e s e a r c h  Phys ic i s t  

Educat ion:  B. S. i n  Phys ic s ,  St. .Mary’s Universi ty  
Graduate  cour ses  i n  Phys ic s ,  St. M a r y ’ s  University 
Studies in E lec t ron ic s  in U. S. Navy 

Exper ience :  M r .  Wilson is doing work in  the ana lys i s  of nuclear  weapon 
f i reba l l  data with r e s p e c t  to  u s e  as  input to  a mathemat ica l  
model for the predict ion of r e t i n a l  burns .  He has  conductez 
investigations of  the m e r i t  of va r ious  eyeball p a r a m e t e r s  i n  
connection with th i s  work. 
the human eye, he h a s  been ac t ive  i n  the design, fabr icat ion,  
calibration, and operat ion of instrumentat ion sys t ems  to 
facil i tate this r e s e a r c h .  

Assigned t o  basic  r e s e a r c h  o n  

While serv ing  the U.  S. Savy ,  M r .  %‘ilson maintained and 
operared var ious e lec t ronic  mechan i sms ,  including a i r b c r n e  
communication, navigation, coun te rmeasu res ,  and an t i -  
submar ine  war fa re  equipment.  



BRIAN E. ARMENT, Scientific P r o g r a m m e r  

Education: B. A .  in Mathematics ,  Wilmington College 

Exper ience :  M r .  Armen t  is cu r ren t ly  involved in p rocess ing  i r r ad iance  
da ta  f r o m  nuclear detonations to  d e t e r m i n e  resu l t ing  
t e m p e r a t u r e  r i s e  in  the eye  fo r  predict ion of r e t ina l  burns.  
He aloo wrote Eeveral  computer programs for determinat ion 
of to ta l  i r rad iance  and rad ian t  exposure  at a aource.  

Engaged in  the p rocess ing  of physiological da ta ,  M r .  Armen t  
has been evaluating and improving a s y s t e m  fo r  the signal 
co r rec t ion  and diagnostic ana lys i s  of or thogonal ized 
e lec t rocard iographic  da ta  by m e a n s  of pa t t e rn  recognition 
techniques.  
p e r f o r m  the following opera t ions :  co r re l a t ion  of r e sp i r a t ion  
and h e a r t  r a t e s  of human sub jec t s  experiencing va r ious  events  
be fo re  undergoing f r ee - f a l l  impac t  t e s t s ,  ana lys i s  of five 

, physiological p a r a m e t e r s  f r o m  dogs subjected to  vibrat ion 
t e s t s  to de te rmine ,  r e s p i r a t o r y  and hemodynamic r e sponses ,  
and ana lys i s  of p a r a m e t e r s  a s soc ia t ed  with human subjects  
subjected to impact  tests fo r  c e n t e r - o f - m a s s  shif t  studies.  

In the per formance  of his a s s ignmen t s  he  h a s  been invoived 
in near ly  a l l  phases  of e lec t ronic  da ta  process ing .  
wri t ten p rograms  i n  ALTAC I11 f o r  the PHILCO 2000 computer ,  
and FORTRAN I1 and I V  fo r  the IBM 7090 and 7094 computer ,  
and h a s  operated the D. E, C. P D P -  1 computer .  

He h a s  wr i t ten  s e v e r a l  computer  p r o g r a m s  to  

' 

He has  



P. E. KIELPINSKI, R e s e a r c h  Stat is t ic ian 

Education: B. S. in Mathemat ics ,  University of Dayton 
M. S. i n  Mathemat ics ,  Purdue University 
Doctoral  Studies  in Mathematical  S ta t i s t ics ,  Pu rdue  
University 

M r .  Kielpinski  is a Resea rch  Statist ician with Tech-  
nology Incorpora t ed  and Ass is tan t  P r o f e s s o r  of 
Mathematics  a t  St. M a r y ' s  University of San Antonio, 
Texas .  He i s  cu r ren t ly  involved in r e s e a r c h  pe r t a in -  
ing t o  s ta t i s t ica l  ana lys i s  of physiological d a t a  and ex-  
per imenta l  s t a t i s t i ca l  design. 

M r .  Kielpinski  was  a recipient of a Nat ional  Inst i tutes  
of Health fel lowship for  the study.of public hea l th  stat- 
i s t i c s  of the School of Publ ic  Health of the Universi ty  
of Michigan. 

During h is  two y e a r s  of doctoral  studies,  Mr. Kielpinski 
se rved  a s  a s ta t i s t ica l  consultant of the Computing Cen- 
t e r  of Purdue  Universi ty .  He col laborated i n  r e s e a r c h  , 

in Economics and Agricul tural  Economics.  

Experience:  
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In e a r l y  Ju ly  1965 Technology Incorpora ted  moved into i t s  newly con- 
s t ruc t ed  30, 000-square-foot plant  facing Colonel Glenn Highway. Located 
on a 1 2 - a c r e  s i t e ,  t he  plant is  within a half  mile of the center  of both the 
Wright-Pat terson Air  F o r c e  B a s e  coniplex and the Dayton campus of Ohio 
State  University-Miami University.  

Completely air -conditioned and soundproofed throughout, the  plant con- 
ta ins  adminis t ra t ive ,  engineering, and r e s e a r c h  sections.  Among the 
suppor t  fac i l i t i es  a r e  a data p rocess ing  sect ion,  developmental and envi- 
ronmental  t e s t  laborator ies ,  a n  engineer ing model shop, an  engineering 
des ign  and technical  art depar tment ,  and a publications department. 
process ing  equipment includes semiau tomat i c  cha r t  r eade r s  and a n  8 0 -  
inch-bed s t e r e o  viewer with a complete  l ine of auxiliary equipment to  
reduce  analog data to  digital f o r m  f o r  immedia te  printout as wel l  as for 
computer  processing.  The model  shop  h a s  the  capability of fabr icat ing 
with any type of material f r o m  p la s t i c s  to  s ta in less  steel .  Supported by 
technical  a r t  and editorial  personnel ,  t he  publications department is  equip- 
ped with a complete line of equipment t o  pr in t  a l l  types of final r epor t s  
and manuals .  

Data 

To s e r v e  cus tomers  in the Southwest more effectively,  the Texas Dlvision 
is  staffed and equipped fo r  r e s e a r c h ,  design, development, and manu- 
fac tur ing  functions. 
conditioned 1 0 ,  000-square-foot plant in  San Antonio, Texas.  

The Texas faci l i ty  i s  housed in  a modern, a i r -  

Engineering l iaison offices to s e r v e  o u r  c u s t o m e r s  in the Eas t ,  Midwest, 
Southwest, and West a r e  located,  respec t ive ly ,  a s  follows: 6461 Edsall  
Road, Alexandria ,  Virginia 22312 (Tel .  703, 354-b311; T W X  703, 354- 
0301); 7400 Colonel Glenn Highway, Dayton, Ohio 45431 (Tel.  513, 426- 
2405: T W X  513, 426-6551);  853! N .  New Braunfels  Avenue, San Antonio, 
T e x a s  78217 (Tel.  512, TA-4-7373: TWX 512, 571-0939); and 6305 
Woodman Avenue, Suite 100, Van Nuys, Cal i fornia  91401 (Te1. 213, 7 8 1 - 2 7 2 0 ) ,  

Technology Incorporated holds a Department of Defense Secre t  facility 
c l ea rance .  The  accounting, purchas ing ,  and proper ty  control procedures 
now in effect have been approved f o r  Government contracting. 



ENGINEERING 
MODEL SHOP 

T h i s  c o m p l e t e  5 8 0 0 - s q u a r e - f o o t  m o d e l  s h o p  h a s  the  capabi l i ty  of f a b r i c a t i n g  w i t h  
any  t y p e  of m a t e r i a l  f r o m  plastics t o  s t a i n l e s s  s t e e l .  Included a m o n g  t h e  o p e r a -  
t i ons  p e r f o r m e d  a r e  d r i l l i n g ,  m i l l i n g ,  t u rn ing ,  gas  and a r c  weld ing ,  a n d  h igh-  
and  l o w - t e m p e r a t u r e  s o l d e r i n g .  
m e t a l  cons t ruc t ion  and  p r e c i s i o n  m e a s u r i n g  and  inspec t ion .  
of t h e  s e n i o r  model  m a k e r s  a v e r a g e s  20 y e a r s .  

F a c i l i t i e s  inc lude  p rov i s ion  for c o m p l e t e  s h e e t  
E x p e r i e n c e  of seven 



DATA MEASURING AND 
PROCESSING FACILITIES 

Une 01 only two existlng models 
01 the 80-inch-bed s tereo v i e w e r  
to enable accurate generation of 
a common coordinate system f o r  
numerous overlapping aer ia l  
photographs. After a pai r  of 
conjugate (common) points - 
one in a Lrame in  the left  bank 
and the ,other i n  a f rame in the 
right bank - have been aligned. 
the operator actuate9 the auto- 
matic measuring of their  coordi- 
nates and the subsequent t ran-  
scribing of the measurements 
onto punch cards .  

ln this “iew of a section 01 the Data 
Reduction Department Iacilities may 
be seen p a r t s  of I 2  Benson-Lehner 
Model K Oscar reader  and IBM 026 
key punch combinations. H e r e  mea- 
sured malog  data a r e  transcribed 
in digital f o r m  onlo punch cards .  

Among the items comprising the 
complete line of data processing 
equ~pment a r e  the 1 U M  O R 2  s o r t e r ,  
IBM 407 tabulator, and  IBM 519 
c a r d  punch seen h r c  {ram le11 
to right. 



SUPPORT FACILITIES 

Library  contams c u r r r n t  product  
catalogs. technical publications, 
DDC documents ,  military spec>- 
fications, periodicals, and iournais. 

Engineering Design bod Technica 
Art Department. Were are pre-  
pared all engineering drawings, 
schernatica. flow charts, and 
technical illustrations presented 
in reports. specification sheeir,, 
and manuals. 

Xerox Model 914 copier and Ijltti 
Model L-16 offset duplicator for 
single znd multiple copy reproductroa. 

Nu-Arc plate burner and %era* X 

equipment f o r  cutt ing,  c n l l a t ~ n ~ ,  
binding. 

camera for offset re::odualble r ,  



LABORATORY TEST EQUIPMENT 

Quantity 

1 
1 
I 
1 
1 
1 
I 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 

20 
4 
2 
2 
4 
5 
8 

21 
1 
I 
1 
1 
1 
1 
I 
I 
1 
l 
I 
1 

1 
I 
I 
1 
2 
I 
2 

1 0  
1 
I 
1 
1 
2 
I 
1 
1 
1 
1 

Descr ip t ion  

Air  S a m p l e r .  S e n t r y  Model 25101 
Ampl i f ie r  (hi-f i ) ,  Model EEOZ254 
Ampl i f ie r  (high gain) ,  Tekt ronix  Type D 
A m p l i f i e r  ( s t r a in  gage).  C e n t r a l  Eng. Model #3AC 
Balance  ( t r i p l e  beam) ,  Ohaus S c a l e  Corp. - m a x  C.  2600% 
B a r o m e t e r ,  Aloe Model %V9120 
B a r o m e t e r ,  Prec is ion .  Ins t rument  Model 9434 
Bridge  ( g e n e r a l  radio) .  Orthonul l  C R L  
Br idge  ( impedance) ,  Heath,  IB-.?A, 8009-07794 
C a m e r a ,  G r a I l e x  Model 8 C F 9 0 5  
C a p a c i t e s t e r ,  Model C T - I  
Clean  Bench,  Farr  Model C-6  
Counter ,  Hewle t t -Packard  Model #5.?2B 
Counter  ( f requency) .  Hewle t t -Packard ,  # 521C1909 
Counter  ( f requency) ,  Hewle t t -Packard ,  YO32-04505 
Curve  T r a c e r  ( t r ans i s to r ) .  Technology Incorporated 
C u r v e  T r a c e r  ( t r ans i s to r ) ,  Tekt ronice ,  Type 575 
Decade (capac i tance)  
Decade (capaci tance) ,  Heath 
Decade (capac i tance) ,  Model CDA-5 
Decade (capac i tance) ,  Model CDB-5 
Decade ( r e s i s t a n c e ) ,  Heath 
Decade ( r e s i s t ance ) .  Eico Model 1171-W 
Decade ( r e s i s t ance ) .  Leeds and Nor thrup  
Decade R e s i s t o r s  
Distor t ion Analyzer ,  Hewle t t -Packard ,  HO 233OB 
Drill P r e s s  (p rec i s ion ) ,  Dumore Model 16-021 
E P U T  and T i m e r ,  Beckman Model 7350R 
F a n  (cent r i fuga l ) ,  Clarag?  Model 309-G Type 0 
Flow Element  (prec is ion ,  l a m i n a r ) .  M e r i a m  Model 50MH10-I 
Flow Element  (prpc is ion ,  l a m i n a r ) .  M e r i a m  Model 5OMJlO 
F l o w r a t o r ,  F i s c h e r  and P o r t e r  Model 10A2735A-LK 
Generator (R. F. s ignal)  
G e n e r a t o r  (R .  F. s igna l ) ,  SG-8 
G e n e r a t o r  ( s igna l ) ,  Washington Inst. Tech.  Model #43-41 
G c n e r a t o r  (s ignal) .  F e r r i s  Modcl # 18FS 
G e n e r a t o r  ( s i n r  square). AGIO 

Grinder .  Gumore Model 1-111 
Heat Exchanger .  P r e I c x  Model RBS-640-132 
Indicator  ( t e m p e r a t u r e )  
L a m i n a r  Flow Element ,  M e r r i a m  Inst. Model 50MH10-1 
Magnifying Lampa, w x o  
Magnifying Light ( 5  power) ,  0 in. d i a m e t e r  
M a n o m e t e r  (Inclined Lube). M e r r i a m  Model 40HE35WM 
Manometer  (wa te r )  
Manometer  ( m e r c u r y ) .  mul t i sca le  
M e t e r  (dis tor t ion) .  HD-I 
M e t e r  (gr id  dip) ,  Millen Model F718 
M e t e r  (gr id  d ip) ,  Mil len,  w/coi ls  
M e t e r  ( m i c r o a m p ) .  Simpson (Shel l )  
M e t e r  (mul t ipurpose) ,  Internat ional  Model M2548-2 
M e t e r  (meg.  o h m ) ,  General  Type  1862-C 
M e t e r  (volt), Ballantine Lab. Model Y302B 
M e t e r  (vol t ) ,  D. C . ,  F luke ,  Mcdel  801 
M e t e r  (vol t ) ,  Hewle t t -Packard  Model Y400H 
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DATA PROCESSING 5 N D  REPRODUCTION FACILITIES 

Quantity Deec ript ion 

7 
I 
1 
I 
1 

15 
I 

I 

I 
I5 
I 
1 
1 
I 
1 
2 
1 

Calcula tor  (desk) .  Marchant  
C a m e r a ,  Crown  Graphis  " 4 5 "  
Diazo Machine.  Brunning 42" .  " R ~ v o l u t e "  
Nu-Arc P l a t e  B u r n e r  
Offeet Duplicator  "Ditto", Model L-I 6 
Osc i l lograph  Reade r ,  Renaon-Lehner  Model Oscar "K" 
Photographic  S t e r o  Viewer with Key Punch and Type 
Readouts 
Photograph Reader .  Benson-Lehner  Model Omcar N-2 
with Key Punch and  Type Readout. 
P l a n i m e t e r ,  A. Mt 
Punch (key), IBM Model 026 
Punch [reproducing) .  IBM Model 519 
Scale  (var lab le) ,  G e r b e r  
S o r t e r ,  1BM Model 082 
Tabulator  (accounting). 1BM hiodel 401 
Veri f ie r ,  IBM Model 056 
Xerox No. 4 C a m e r a  
Xerox 914 Copier  

M O D E L  SHOP FACILITlES 

Quantity Descr ipt ion 

Anvil (Swedish steel), 30 in. 
Blocks (p rec i s ion  gage) ,  W e b e r  
Cal ipe r s  (ve rn ie r ) ,  Lufkin - b in.  
Ca l ipe r s  ladj ,  feel) .  Lufkin - I to L O  in. inclusive 
Comprcseor [arr) ,  .Ullwaukee Model C20Z - 2 in. by 

Drill (flexible Rhaft). C r a f t s m a n  - 1 / 2  H. P. 
Drill (hand), Black and  Decker - I / 2  in.  capaci ty  
Drlll (hand), Shopmate - 1/2 in. capacity 
Ernbosaing Tool ,  Dytno 
Engraving Tool, Speedway 

3 in. a t roke ,  I 1 / 2  H . P .  

1 Etcher  and Dprnagnitizer ( e l e c t r i c a l ) ,  Daytrol Model 100 
1 Fll ing Machine ( table) ,  Oliver 
1 Cage, Height, Brown and  Sharpe  - I 8  in. 
I Gage, Height, S t a r r e t  Model 4 5 4  - I 2  in. 
I 

1 Cage,  TclescopinK (rod type ) ,  Lulkin Model 79L - 
I Cage,  W i r r  (round). Genera l  Model 20 - No. 1 to No. 36 
1 Gage. Lay-out ( round-base ,  s tandard) .  Fa i r f ie ld  - 6 in.  
1 Gage, Radiua  (flat ,  D r o w n  and Sharpe)  - 1 / 3 2  in. t o  

2 Gages,  S u r f a c e  (Ilat  base), Lulkin - 6 in. and I2 in. 
I Grinder  l a u r f a c e ) ,  Covell Model 7A - I I  314 in. Height, 

6 in. x IZ in. chuck 
I Gr inder  (~nternal-external), Brown and Sharpe Model 

3 2 7 5  - # I ,  I 8  in .  bPtu,een c e n t e r s  
2 Grinder  (6 in. snag). Tool Linc Mode l  2645551 - 

polishing and buf1u-R wheels 
I Crlndcr (10  1". snag) ,  Standard Model 6 2 2 4 4 5  - 

polinhin8 and buffing s h r e l s  
I Gr inder  (hand) .  ? l imore  Model 8-021. W21900 - 

0 to 1/8 in. Jacobs Chuck 

Gape, Smal l  Hole (I/L ball), Lufkzn Model 785 - 
1/8  in. to 1 / 2  in .  

I / Z  in. to 6 in. 

I/2 in.  
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Ascertaining accurate  levels of  human tolerance to  fo rces  of abrupt deceleration through tes t  and calibration 
w a s  the p r i m e  objective of Contract AF 33(b16)-b970. 
Research  Laborator ies .  involved the design of instrumentation and a "fail-safe" control system f a r  the tes t  
equipment,  the Vertical  Deceleration Tower locatgd at Wright-Pat terson Air Force  Base. 
computer  for  data optimizing before  recording was designed. constructed,  and incorporated into the re- 
cording sys tem.  

Under Contract N 62269-2264. sponsored by the U. S .  Naval Air Development Center,  Technology Incorporated 
is expanding the capability of a multivisual optical device designed for nuclear flash blindness experimenta- 
tion. Phenomena related to f l a sh  blindness a r e  being studied to evolve additional types of t es t  parameters .  
Prede termined  by drgital Computation, data f o r  tes t  parameters ,  such a s  target-surround luminance, flicker 
r a t e s ,  and target  positioning, will be fed through tape o r  cards  as  s imulated input to the optical device and 
the result ing signal output will be supplied to  a n  analog-to-digital converter  to generate a data format  com- 
patible with a standard electronic computer. 

T o  acqui re  flight loads data for Contract AE 33(616)-7593, Technology Incorporated inbtalled and maintained 
recording systems in thirty F-1O1A and C and thir ty  RF-101 a i rc raf t ,  assigned to  air bases in England, 
F r a n c e .  and Libya. 
mine the load spectrum fo r  fatigue life evaluation. 
s t ruc tu ra l  design cr i ter ia .  

Under subcontract PO-4364 with LBM, Technology Incorporated has been applying various techniques to in- 
complete  photogrammetric data  to  study methods f o r  rectifying photographic images. 
mining photogrammetric p a r a m e t e r s  obtained f rom ground control data ,  object plane coordinates a re  derived 
a s  functiona of image plane coordinates.  Project ive geometry conceptn a r e  employed: and specific tcchniquea 
include i terat ive solutions, l eas t  mean square f i t s ,  and solutions 01 over-determined symtems of linear over-  

homogeneous equations. 
t ransformational  mat r ices ,  var iances  of object plane &mensions a r e  derived. Photogrammetric parameters  
a r e  solved through matr ix  manipulations invdving inverse,  t ranspose,  and multiplicative operations. 
IBM "Storm" Matrix Manipulation program i s  being used to  solve over-determined systems of linear epationm. 

Research  completed under Contract A€ 33(616)-7440 included the design, fabrication, calibration, and tes t  
of a complete electronic instrumentation sys tem involving three R F  telemetry links for  in-flight testing of 
B-58, RS-70, and Dyna Soar Emergency escape sys tems.  Anthropomorphic dummies and two B-58 escape 
capsules  were  mstrumented; a semiautomatic control sys tem fo r  the instrumentation-and ejection sequencing 

playback, and display capabilities was provided. 

Contract  AF 33(616)-7887, sponsored by the Bionics and Neurophysiology Section of the  Aerospace Medical 
Research  Laborator ies ,  entailed the design and construction of experimental  equipment and Simulation sym- 
terns f o r  research  on living information handling systems.  

for the conversion of sensory information, such a s  a light o r  sound pat tern,  to a form compatible with neuron 
network analog3 or adaptive computers .  

To assist Lloyd Brothera Inc. in gaining the Federa l  Drug Administration approval of Segontin. a drug for 
angina patients, Technology Incorporated used s ta t is t ical  techniques to  determine the efficacy of the drug. 
Responses  of angina patients, each given the drug and a placebo. make up the &la acquired by doctor-con- 
ducted tes t s .  

Under Contract AF 33(616)-7927 with the Aerospace Medical Research Laboratoriea.  Technology Incorporated 
conducted drop tes ts  f r o m  the Inclined Test  Facil i ty a t  Wright-Patterson Air Force Base to acquire impact 
data  on various tes t  aubjects. 
computer and associated equipment. 

This e f for t ,  conducted for the Aerospace Medical 

A built-in analog 

F r o m  the recordings selected data w e r e  extracted.  processed, and analyzed to de te r -  
Such findings may lead to  the verification o r  revision of 

Rectified by de ter -  

F r o m  es t imates  of image and object plane coordinate covariances used to der ive 

The 

installed ~n the test vehicle: and a mobile van facility with tes t  data receiving, recording, discrimination, 

Included among the developmental equipment 
an electronic analog, based on the  functioning of biological systems.  to  simulate neurosensory networks 

The tes t  re9ults w e r e  processed and analyzed with the aid of the LBM 7090 

a to AiResearch under the pr ime contract  NAS 9-150 for the National Aeronautics and Space 
Administration, Technology Incorporated designed and manufactured nine M a s #  Flowmetera. each to meanurc 
l inear ly  oxygen flow f r o m  0. 2 to  0. 5 lb. per  hr .  m Apollo apacecrbft .  
o ther  compact,  .elf-contained, l inear  Mass Flowmeterm for  various scientific applications reqviring tha 
mcamuremcnt of gas flow. 

The company has developed a line of 



Sponsored by the Ohio State Research Foundation under Contract A F  33(616)-6288, ML-201, Technology 
Incorporated completed the following tasks :  a general  aynopsis of data proceasing method. and equipment, 
a s u m m a r y  of the general  operation of a computer and i t s  l imitations when performing various functionl, 
and a number of solutions to  various data processing problems. 

A long-range plannlng program to establish the s t ruc tu ra l  loads measurement  requirements for future aero-  
s p a c e  vehicles was developed under Contract AF 33(616)-7406. Study of the vehicles,  including an advanced 
boost-glide vehicle. a recoverable Satellite. a n a m e d  Batellite, and a lunar vehicle for  a "soft" 
landing, w a s  pursued f r o m  ground handling through landing or impact to determine the conditions of the 
c r i t i ca l  loads. Instrumentation systems for  two Configurations of the Blue-Scout were  designed. Mter  a 
study of all available and plaMed instrumentation was completed, inatrumcnts needed for  load measurementa 
w e r e  specified and a t ransducer  handbook was compiled. 

To determine the performance character is t ics  of c lus te red  parachutes under infinite mans conditions, Tech- 
nology Incorporated conducted under Contract AF 33(657)-7985 a se r i e s  of wind tunnel tes ts .  Objectives 
w e r e  determinat ion and presentation in report  form of the effects  of the type of parachute canopy. of the 
number of parachute canopies in  a Cluster. of the canopy reefing r i t i o ,  and of the r i s e r  length on the drag 
and  s ta t ic  stability character is t ics  of c lustered codigura t ions .  A nting balance capable of m u n u r i n g  the 
two component fo rces  of the cluster configurations up to  a 25-degree angle of attack was designed, fabr i -  
cated,  and instrumented. 

With the sponsorship of the Protective Equipment Section. Aerospace Medical Research Laboratories,  and 
under Contract A F  33(657)-9417, Technology Incorporated developed the st ructural  deaign ai a support sya-  
tern to  evaluate the performance of personnel i n  a s imulated environment with continuous acceleration and 
vibrat ion forces .  Other effor ts  included the integration of a syatem comprising a five-channel phyiiological 
monitor.  
and the IBM 7090 digital computer w e r e  used to proceaa the data. 

The Physiological Monitor-a portable, self-contained, completely automatic electronic unit to measure the 
vi ta l  body functions of c r i t i ca l -care  patients-has been deaigncd and developed by Technology Incorporated 
p e r s o m c l .  Extensive tes ts  have proved the accuracy  and reliability of the Physiological Monitor in mean- 
ur ing continuously pulse ra te ,  respiration ra te ,  t empera ture ,  and beth aystolic and diastolic blood presaure.  
Units a r e  commercial ly  available through medical equipment distributors. 

Contract  AF 33(657)-9537 involves the deaign. fabrication. and tes t  of a syatem to m e a m r e  the mechanical 
impedance of the human body, the whole body and var ious portiona of it.  Other research on this contract  
includes continued research  on the vibration effects  on human subjects. determination of the tolerances fo r  
high- and low-frequency sinusoidal and random vibration, and investigation of the effecta of lw-frequency 
sinusoidal vibration on visual acuity, speech t ranamiasion,  and hearing. 

Under Contract A€ 33(657)-10686. Technology Incorporated i s  analyzing existing nuclear effects prediction 
formulae  to  verify the safe-escape calculations used in ADC Nuclear Weapon Delivery Handbooks. 
ana lys i s  will lead to  the writing of a nuclear weapon. effecta IBM 7090 program for the ASD %'enlive S y l -  
terns Office. 
mend future  temt efforts to the Air Force.  

Determination of the levels of human tolerance to  fo rces  of abrupt deceleration through tes t  an2 calibration 
was mitiated f o r  the Aerospace Medical Research  Laborator ies  under Contract AF 33(616)-6970. The ef- 
for t ,  continued under Contract AF 33(657)-10010. includes related research for  AMRL in conjunction with 
NASA, such as  the Current studies of abrupt deceleration test. c o a d u c t d  on cornponenla d the Mercury and 
Gemini space vhicles. 

Also the complete system wan evaluated and calibrated during impact tes ts .  An analog computer 

Thin 

In addition, voidr in existing knowledge of myatems capability a r e  being.dctermined to rccom- 

purchased by the U. 5 .  Navy under Contract N 62269-21 22, Technology Incorporated supplied two unit. 
of the M a a s  Flowmeter,  which were designed, fabr icated,  and tes ted by company eq incera .  
l inear ly  the mass  flow of g a l ,  the Mama Flowmeter i s  a compact, seli-contained mit constructed for opera-  
tion in space environments. 

approxjmately 12 o e . ,  and has a range of 0 to  0 . 4  lb. per  rnh. and a G e a r i t y  of *2. 5 %  of full scale  
r e f e r r e d  to  the best  atraight line. 

Sponsored by the Aeronautical Symtems Division under Contract AF 33(657)-9645. Technology Incorporated 
instrumented mevcnty C-130 a i rc raf t  to record three  in-flight parameters :  a i rspeed,  altitude. and accelera-  
tion. 
~ a w a i i ;  one in  Okiaapa: and one in  France.  
a load spec t rum for  fatigue life evaluation of thim aircraf t  type completed the program. 
"sed i n  the review of deaign cr i ter ia .  

Meaauring 

Each of the unit, supplied to  the Navy i s  2 1/4 in. in diameter by 3 in. in length, 

Instrumented a i rc raf t  w e r e  assigned to six air bases: four in the states of Tennesmcc, T e n l .  and 
Presentat ion of the procsmsed and analyzed data in the  f o r m  of 

The f m a  w i l l  bo 



Development of digital methods f o r  the automatic and cyclical processing nf biological s igm1 idormatLon 
is the genera l  requirement  of Technology Incorporated’s effort under Contract AF 41(009j-2267, sponsored 
by the .&r F o r c e  School of Aerospace ?dedicine. Erooks -4ir Force  Base. These methods .,,,ll be used te 
de te rmine  :he presence  of signlflcant information in biological data, supplied m analog O~ digital form on 
various m e d i a ,  such a5 magnetic tape and s t r ip  char t s .  The effects of variable ra tes  of digitiring On hio- 
logic signa16 wi l l  be investigated. and their 
capabl l i t ies  compared  both to establish the most efficacious techniques and to lead to atill other novel zp- 
proaches.  
normali t ies  through the application of the methods to known populations. 

Through the acquisit ion,  processing. and analysia of Flight lechnical  E r r o r  data under Federal ~ v i ~ t i ~ ~  
Agency Cont rac t  FA-WA-4542.  Technology Incorporated is determining the random deviation oi rotary- 
and f i x e d w i n g  civil a i r c ra f t  from their  intended cruis ing altitudes. “hi8  information =ill be rc , jcwed far 
the possible  revis ion of cur ren t  altitude separat ion distances. 
stability of the a i rc raf t  and i ts  systems: ef fec ts  of airspeed. turbulence, gusts, and altitude: hcCuracies 
of the automatic  flight control systems:  and pilot technique. 

Engaged in  the f i r s t  phase of a four -year  study fo r  the A i r  Force  Peraonnel Research Laboratory, Brocks 
Air Force E a s e ,  Technology Incorporated under Contract AF 41(609)-2294 proceased data written on mili-  
t a r y  quest ionnaires .  
which could be used to project early of f icer -career  tenure. 
ver i f ied,  and compcter  programs w e r e  wri t ten f o r  the statistical analyses leading to  the evolvement oi the  
c r i t e r i a .  

As a subcontractor  to Giannini Controls corpora t ion  under P. 0. E-24906, Technology Incorporated designed, 
fabr ica ted .  and successfu l ly  tes ted a digital translating system to extract  and digitize in-fligbt data recorded 
on magnet ic  t ape  by the Giannini VGH Statistical R e c o r d e r .  
Another requi rement  was the  a r n p u t e r  analysis of the data to dstermine the recorder  capability: for  this 
purpose,  computer  programs w e r e  wri t ten in F O R T R 4 N  IV and At.@. 

Under Concract AF 41(609)-2328. sponsored by the Air Force Perscnnel  Research Laboratory. Brocks AU 
Force Base, Teshnclogy Incorporated used two methods t o  determine the extent tc a h i c b  supervisory off icers  
consis tent ly  give high o r  leu. ratings to officer personnel,  regardkss of their  ob>ective mer i t s ,  on Cfficer 
Ef fec t iveness  Reports .  Determination of charac te r i s t ics  d i s t iny ish ing  high and low ra te rs  f r o m  ra te rs  in 
genera l  w a s  a secondary objective. 
and modlf ied for desired format  presentation. 
l i b ra ry  and other  p r o g r a m s  were  specially wri t ten to analyze t he  data. 

Under F e d e r a l  Aviation Agency cont rac t  FA-WA-4590,  Technology Incorporated is cbndurtvlg a pilot p re-  
gram t o  r e c o r d  s t ructural  loads on civil t ranspor t  helicopters. These a i rc raf i  have been instrumented to 
record the s t ruc tu ra l  flight loads parameters  affecting their per iormance in n o r m i  operational cnviron- 

techniques,  and data presentation arrangements  for  future  I?&-scale helicopter structural loads :*cording 
programs.  

T~ assist the Air  Force School of Aerospace Medicine in determining an acceprable gassous rnvzonment f o r  
,,,en during prolonged spacecraft  occupancy. Tec~hnology Imccrporated i u  conducting research. under Con- 
t r ac t  A F  41(609)-2334, to evaluate the responses  of men and animala subjected to  the breathing of pure 

the g-seaus environment will he used to  investigate the oxygen toxicity effects on the hematology. hiatolagy, 
and eneymclogy of the tes t  subjects; also the sur iace  activity of mater ia l  lining the lung8 of the subjects -ill 
be analyzed. 

~ o l i ~ b o r a t l n g  with the Alr  Force Avionics Laboratory,  Technology Incorporated has been h r e c t e d  under 
contract ~f 33(615)-1600 ta apply statistical computer techniques to data for the evaluation of control s y e -  
terns and ccmponente Involved In navigation and guidance systems.  
a W e l b u l l  dlstrlbution to component reliability data t c  reveal M e  character is t ic  in formt ion ,  particularly 
that generated by gyros, the comparative evaluation of several system reliability model8 developed for 
guidance and contrcl  systems:  the introduction of Y P ~ I O U S  parameters  into computer subroutines $0 Illmu- 
l a r e  satellite or  ICBM interception i n  o r d e r  to determine the feasibility o i  acquiring reliable solution. to 
lnrercept  guidance and control problems. and the  evaluation of existing technique. of error analysis an6 
s y n t h e s ~ s  used In studying guidance aystem performance,  including determining the eifcct of ignoring non- 
jjne,, t e r m s  and the manner In which errors are propagated during the  b o r t  and coaat portion. oi a t r a -  

Novel as w e l l  as classical  diagnostic methods will be 

Techniques to be developed a r e  intended to  establish c r i t e r i a  for  normzlity and ab- 

Phenomena beicg studied include the design 

The questions w e r e  designed to  generats c r i te r ia ,  that is, a  et of specific response., 
Original information was key punched and 

Data a r e  fed direct ly  to an LBM 7090 computer. 

Data supplied on tape were aorted ior  appropriate infermation relecr~on 
Regression p m g r a m  routines w e r e  selected f rom the company 

Such data a r e  being processed and analyzed to  determine the cptimurn parameters.  data pracesaing 

at decreased  pressure .  Specially designed double-wall t es t  cella enabling high-accuracy control of 

Lxluded among the t a * h  a r e  the fit a! 



,.I. , ... 
Studies of the random deviations of a i rcraf t  f rom intended cruise altitudes continue under Contract F A  
65WA-1163. 
Federal  Aviation Agency to review standards established far the safe  vertical separation bchveen aircraf t .  
As ln the f i r s t  program. the current effort  involves acquiring and analyrlng the data f r o m  general  aviation 
aircraf t  whose cru i se  altltudes are normally below 2% 000 feet. 
technique and experience. a i rcraf t ,  and ilight mode IVFR and IFR)  are distinguished. 

Under Contract No. FA-65WA-1329 spcnsored by the Systems Research and Development Service of t h e  
Federal  Aviation Service,  Technology Incorporated is conducting a flight loads recording program f o r  the 
Sikorrky 5-61 helicopter. An instrumentation sys tem will  be designed and fabricated to record  at least  
the follou,ing parameters :  airspeed, altitude, normal  acccleratien a t  the ai rcraf t ' s  c i n t e r  of gravity, pitch 

preasure oi the piBton engmc, rpm and fuel flow of the turbojet engine, rpm a i  the rotor,  

Complementing the data acqured  under Contract FA-WA-4542. results will be used by the 

In the data analysis. the effects of pilot 

welght, and patch acceleration. Data will be procesaed and analyzed to derive the loads spectra  appli- 
cable to service life studiee of this type of helicopter, 

Under Contract AF 33(615)-3127, Technology Incorporated will expand upon electromagnetic compatibility 
*tudiea begun under Contract AF  33(657)-I1119 and continued under AF 33(615)-2081 for the  Air Force  
.kvionics Laboratory. 

the electromagnetic susceptibility of avionics solid-state circuitry a t  frequencies below 1000 mega- 
~ ~ s l e s .  Instrumentation and techniques to  measure avionic electromagnetic interference a t  frequencies from 
3 cycles to 10 megacycles will be developed pr imari ly  to find new methods of measuring the E and H vectors 
clcse to the interference scurce with a minimum of disturbance. 
evaluation measurements using radiators and aensorsI 

~n support of the Air Force  Cambridge Research Laboratories,  Technology Incorporated i s  evolving under 
Contract A F  19(628)-5218 P system to record and process  automatically data to yield the gravitational field 

the shape of the earth. 
will be flight tested and progreiaively expanded to digitize and record in IBM format  all  basic parameters  
needed for gyavitaticnal iield measurement. Initial data will be evaluated to define the smoothing interval 

Final resul ts  will be 
presented as elevated gravi!y profiles. 

Current research seeks to evolve basic designs of instrumentation and techniques to 

Studies will be  conducted on R F  banding 

by a n  aircraf t  a t  any point above the ear th 's  surface.  Such information will permit  determining 
An airborne magnetic tape recorder ,  developed under Contract AF  19(628)-2755. 

appropriate to the data and the requirements for  short-interval gravity values. 
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