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-\ ~;i I A~ 1

il’ is  s t u d y  l i - is -sLibl j shvd t e - ~~t s i b i 1 i  t v  of proposed f ibor opt ics

p 1 t t c r  sys te m which produces ba l h y t l w ru i o gr a m s  on s t a n d a r d  f f l m

aperture cards in bot h a n a l og  and d igital form. Performance has

been ver i f ied with a breadboard model. Outstanding fea tu res of

the desi gn are its all di gital nature and the use of a new d r y

process film . Opera tional , reliability , production and cost aspec t~

arc considered based on a preliminary system design.
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H j 5  ~~i •~lv  a c  i , e i ~ ui d e r t u h .  t o  . . s t , h l i s l i  I e ; i s i b i i i t y  o l  a

I i h  r I ’ t i c s  p l o t t e r  t e c h n i que  is a p p l i e d  s p e c i f i e d  y

t i . . .  . I d H i  d a t a  t a k e n  w i t h  an cx i  s l i n g  e x p e n d a b l e  h a t h v t h c r  c r 1 1 1 .

I \. I ‘rob. . l i e  sork has been p e r t  orined under c o n t r i c  I w i t h  I

s . vy 2. vii I :~i ~ ps 2 ys terns l~oinrii;tnd

— l i e  I ihr r ~~~ t ic  s r e c o r d i n g  pr inc iple is no t  p a r t i c u l a r ly  new , h i ~

lb. : u ; ~i ’ 1  I . . u t  ion described h e r e i n  r ep r e s e n t s  s o m e th in g  q .~i te  d i i  : er

t - r t  I e v i  _ 1  leg recorder  teehn iq.~t ’s .  Wi tbi  th is recorder d a t a

p lo t t e d  in h, tIi ana log  and d i g i t a l form on f i l m  i nse r t s  in ‘— ( a n d  rd

a p e r t ’ .r e  c a r d s . I b i s  i s  a cc o m p i is t ied l-y mo v i n g  t I L C  c a rd  u n d e r  t

p t u . ~a l  rec :- ’J ing  l ead in s n i ; i l l  s t ep s  s i m i l a r  to t h a t  used ir

. r ..a ’ , - c  t . I J i g~ Ia I t ap e  r e c o r d e r s .

~~~ luos I  r t n t  h - i t i i r e ot  t h i s  d e v i c e  is i t c  a l l  d i g i t a l  r u t  N

~ l 1 e r .  i i i  a i n ’ , r e n t  i d v a n t a g e s  of d i g i t a l  s y s t e m s  a r e  r e a l i z e d ,

p s 1 i. iI i t - . or  d r i l ’  p r ob l e s , h i gh no i s e  t o l er a n c e s , s i m p l e  ir . l

I - I v , . j I ‘- t i t  c c i ri ii i t r y  , flo c r i t i c al l)OW C~~ supp ly  re qu  i N  -

f l t ~~ - , I t  I r h l & c o . . t j ,  u u i d  r ep a i r , e t c . ..\ n o t t le r i m r . . r t . ’

~~~~~~~ ~~
. ~

. 1~~ I c t ’  o l  a n w  dry p rocess  f i lm w h i e l  is equiva ei’ r  to

I a I I I ~ i l v i  r I i 1 . le ii h its in q ia 1 i t v , stab i l i ly  and  cost , b

t i - I l  . I t •  ,l l\’ ~~~~~~~~ h r  deve lopment .  Wit F. t h i s  f i lm  f i n i  ,~

r. - . o n —  o r .  , , . ,i i l i h l t’  aba-i t t e n  seconds a f t e r  e xp o s u r e .
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- ~ . ‘‘ ‘ r;n I J e u n n ~n ‘nt ra t ed  I t ~~’ih i 1  i t v  ot  t 1’e re~

h i  r . ’ ig l  c ’ s  ‘ . I i . ’ ’  o f  a hr e ;t d b o i i  rd model wh :c ’ cr I~

c i m  ., F t I ‘ i ’ ’  v Y  ‘- r lnt.g r itu c on t 1 e d ry  s i l ve r f i l m . I t  i c e  - 
~ •

s -j v : ’ ..i’ ’ v . ’3 t v .  m a i n  a r i a s :  ‘ I ’ d. n n n , r s t r a t j n n  of  tec ’ r - j c , I

t e ~ ~ iI’ i [ I  r v  ol  d i g i t i z i n g  and  1 t n e i r i z i n g  t h e  p r o b e  d a t a  • and

I ing I ‘-  Ic r: -~ a~ a rd  e :nnomic  f e a s i b i l i t y  of  rol ~ 1

I n I ’er  - ‘ct: ~u l o t  Icr sys t e m s  in q an t i t v . Vo :t ’ u me  I r e t  rI’~~i- ’ - t i

body o f  t e r ep o r t  w he re in  tei±r ira l  a s p e c t s  of  the st ’ idv  a r ’ . ii

F e  vol,,me i s  d i v i d e d  i r l o  t h r e e  p a r t s .

‘ i r~~ d 1u- ’ , c5 i ’  - mod I f i c a  t ior .s  made t i  t h e  h a s i ’  I b r e a d ’- - r 1

‘~~‘d ’- ~ n ’ ’a l r ’ i r ’ n ’  d I i I I o n ’  o f  .i d i n i t t z € - r .  d i o t t a l  l i n , - , r u 7 a l i -

c i rc ’j i  . i r d  a new f i b  r ) p t l c  l ead t o  t i e  sy s t e m .

pa r t  I r i — e n  t s  ,i n r e l l m i n a r v  s y s t em  d e s i gr . a n d  t l H s  - i t  ~ i g r

~ i.- d  t o  ,n , lv ’c  o p er ;I F i o n a l .  p r o - l o c t i o n  a n d  ..o s t  a c p & ’c t ~ a t  t ’

pra t u — i d  s y s t e m . Ir ’ ,. lu ded  in t h i s  a n a l y s i s  i s  a r c l i , , N u  t~~v . 1 1 ’ . ! ,

1 i d i ~c- ‘iss i ol of ,,dd i t  o r a l  c ar a b  I t ic’s at  II e s 51 &

l e e re~ 11’  c ‘ i f  t ’-is s tudy  are suti~ir a r i z e d  i n  P a r t  1 1 1  wt i r e  .1 i- ~

C or.c l a  th.d I I  i t  f i b e r  o p t i c s  p l o t t e r  sv ~ r em s wh ii me- - t  ! & 3. - i r e d

pt’ r t ) r T I n’L(  - har,,c ten c t i c  s can  be produced in qil.ir r. it v  fo r  a

re~~~~n r i 1’ : . -  ~ ‘‘~~t .  F i r a i 1y ~ rec oniner da~ i . e . r e g ar d i r ’~ f l i e -  IN

of  • idv in’  I I t  ~ 1 opnwn t are d i scussed .

L o st  . 1  t~~~ p l o t t e r  ~y s t e m ~ in. p rod i c l i o r  q - ian t L t il ’ s is  s t i ’n i l e i

in  t’ a r ~ ~~i . ‘~~‘J riic ~ of t~~~ e r e p o r t .

V
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PAP T I -- BREAr’BO~~ D MODEL

1. 1

I 5 r  j ’~~-.. 1 . s r  I I  of the s t-~d y the l i c  a d boa r d  dEm o -.s t r at  ion -

was m o d i f i e d  to provide a f u l l  s ca l e  model of the  F ibe r  Opt ~i.-~

PL’tter S.stem . This modification :ncluded desi gn arid consrru

t~ on of en Analog—to—Digital Converter , Dig ital Linearizing

Circuicrv , a-rd a new full- scale Fiber Optic Recording Head . fl -

film processing equipment was also augmented to provide auto-

unat icall ,- corttru led hct air in in the develop ing chamber.

t ’r. is mann er  a comp lete system was simulated in breadboard ~c : i

permit ting full—scale test and ana lys is and demons t ra tin g

feas~ b i i i t y  s imul taneously with practicability.

i. Ceceral Fa tual Data

It’ P~.ase  I of the s tud y,  basi c feasibility of the fiber c - g t i i .

recordi -g corcept was demonstrated. Digitized data was sin : r

wit1 togg le switches and no l inearization of the analog dat.~ w -

atti -’rn1.:id . In ti-.i~ f i:tial phase tine breadboard system was mcd i: ’€:

to l i c  L l- ~ t’ ese fu:’ctions ,ir~d tt-erehy perm ft study and den- :s ’

I h - n  ‘f a fu ll—sc -u t— s-stow.

I i  ~,e n e r , - u [ , t 1 :c full— scale model was designed and constr ’c:.J ~o

d€-’r s~~rd . e ~.~ieration within the following constraints:



is :r’  C r :  ~ ‘. e  t t.. di g i t- i~ and ~~,.i s 
~~

, .
~~~~~

~~ f n I

I- mi C :  -ì : - -cc- s c- -~~~’ :  ~ r) d ::i I d ,rn .~~ : —  - ,

a:nt r iO24 , i . . c.  , :en 2ii’ir i C :git s , - i ’ , — -:‘ .- r i

2 8° :- .

(ct cml ~ r :ro r-rso~ rtion n the an a lo g  p r e s e n ? ; t  1 . ’

÷ O.~~
’F wit~, the plo: linearized within i~~s : - -

~~~~ ‘

(di DFI- t ~. r eso~cit ion is ± 10 f t .  or ~~~ t ter  for ~ ‘r~~r

- - i !~~~O0 f t ., w i t h  a d e s i r e d  ranee  ‘ :j -  ‘ r 2 1 1 ~ i n .

I f )  :e r.c oru iiig i I I&n U~~~ i- ’1 ,~~~ U LJ  pt e~~~~~~ h I ,  n , ,  
~~~~:

— i -
-

:~, dar - ’  : [ cr ’- j~~c’ c i ” d s .

‘ f . I(ec- c,rd c ~-r.e wil . ca~ respco’d ~~‘ tb .. 81’ drop inn , -

I’ .r d e ’  ~o m e e t  these co— ,strain t s ~ n~w l’ibor (jptic Rer~~:di

He ad ~ cs  f ~~j i ic~ ted witi 181 fibers. One hu-dred se’ v n t .  I i h ~ -

we: e n e d  the a n a l c ~~ p lc- t , 10 for dig ital data dnd ~ we

u~ ed far m - ’’-~~’ rs. The fiber di~im€te r is ap~rox irnsteLy ~. ‘‘

I )  L - - tz~ :~ _ ‘, -~ ..s i- r :  T m d  n ,  .cccide-— c -.’ with ‘‘R es n ~

‘b’S. I en’ -r ;c r~~~’r~-’ ~ a , i s  “
, 

j atli ~ ‘.— l cf the X~~J - e - - l c

a~~ “b + ‘-7 l~zeii n i ir ! ~structic l_ for lrtstal’~a ::cn :,

Op~ r~~~t e - • M a:.te ..—ic~ c t Sipp ic - .rn Expeiidable BT S)s:.’r ,

p
~ . - ---  4 .
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c - — - - ~~ / , ‘ , —~~ , r i 5 - i  ~ r , US a I , ‘ ‘ a ~~g ~~~~~~~

des t~~ i c j  
~~ ~ i u i . I ~~ ( I . ’ . , ‘ n i —  I i , r i z , d d t  ~~ . 

- 
- ::

~~~ 
‘- ‘- c -se rol i~~ive h s n i ~~~e Wbc :st~ :€ 8ri dc - :- - ~~~~ ‘ -~~~~ -

I • ‘ ‘ I n . ’: • ‘ ‘ d ’’ cit  c1’e s ’ s — e m , a~ c~~ ec — l n - :I 3 r  r~ - 5- :~~’ - S

~ . r  i -(  cu-nl e e s 1 T . : g  dc’ nc e s  w~ r e  r e q  m e d  to o b t a i ~ , : , &

. p . : .  ~ i ’ C 1 z ~~~~1( - of the a:,,:Ioa p lot w : s  f c c :  i -I~

p i , i d  c - r- ’ 1 ’~ e ri-i’ in t h e  d~ gt r~~1 domain avoiding all of ‘‘ I

bi ns ci st- .~~i t i t = v and calibratjoii common to an o~ C i r i . : t a .

:wc ~~- s i c  n & - :~~~ ds f linearizatrc-n were considered ,* :.~~~~.,

ae -mod ,nd a paral lel me’~1 - ’ d . Tl.e latter ai’~ r~~-~
- wa —

‘~e- , d e s i : o , l e f - ,rn ‘ e  ~i c c I ~r i ,  s-’ ’ d p c i : t  hec.. L se i~~. a~ : -

- ;  e c . i s t - r r e s i s tr r ’c e  tem~ - r -~tu r e  c rae w~ t f  a s :r,,n - ’ n- - - .,.

I are se~ mc-” 5 rs h ere d r c  p ’ . - i s  a” t : E  - i : a l c g  h~~
-’ . I n ’

,c ~‘t ~~.s~-ed t roagn decod n. : 1  :::e d i g it l da:a w r ~~ LO m ’ : ’t -

a d  ga ’es , each cic e oa~~ r-ut c- - n t ’e c ~~ed to  a~’ . ‘ ‘-h - v~~daa ’ 1

- - 
~~~~~~~ -~~ d i— p lay. The ~ lt ~~r — :- i t e  s e ri a l  m e 1  d i ’~~~~- H . i  t e

a r ‘-
~~
- 1 i— -ear digit al counter wbici provides s a me w  -~ 1 l i S a

d C (  ~ra~ e t p. t , ss economic N,rnslderatlc-i s l i m i t  L e ~ n

* A :L ;~~d me ‘- d , in ’c~ v:~~g 
t t ie  si~~i c i r :p, of f :hers n n ~~

‘
“ ‘ .‘  C ’ .I

J , wa s  _ t . du ed e , m v  :‘ I I C. projec t w e - - • ‘ 
~ ‘ ‘ C -OP - f j , ~ I I

e - — 1’ n~~ do~ ~~~
. ‘. we ld ‘-- ;-~~ ~~ I ’ d :  ‘~~ r —a - !.

sc ~ Ic. - r ~ tn~. i 
- - ‘  des i -  ~d ~es-a ’ i i ‘ - 

~~1 ‘ -  -

c e ‘- —d -i ‘ e scale , res ,Lu n’u-i -i t  ~~~~~~ ot!’er e-’d w e _ r d  H

0.08 I - ;c  w. !d req!-~ re ~ii f ibers , lsmps , etc., a-ri - a t

c or,s~ dered eromomicall y fe tsil .Ie .
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!1 a-- 4~ io—-: - :’-. ce-: - i- r ’- H c - s  i - e r  S i - i -  a-i C -  -

-i t a-i- ,I. At. His r a t -  c a- r r i , ’ r s i- ’ - n  n - ’ , ’ne - - f  a-a-- A : [)  c-

- u’  22 m sec .  n a-~~ - -~i - r , ‘ i - -se spe-:d s we rc - .’:’ -~c -- ci

w t t h  t
•

- i - simp le simu1-~t.ed p r o b e  desca- t I n - d ,i ’a- - 
, a-u -

c c-n h -  e x p e - t - - d  that d’;- -a-n’ii effec ‘ s j~a- r n acta - . H : -

w i l l  l~ ’n i t  ‘:hc min im” -  c O ’n ” c - t s  ion  t im e  to  s o m e’ ’  i a  1-

i - ,- ; c c s n -  of 22 msec . W t t ~ nna d ,n t i aca~ 1ahle or nn~ c — c -  ( i

‘ ‘c a r ’, i tc  r i s t i c s , one a-,n C it y 1’c.ess a~: a d ,m im t c  eq - -

c i r ’ n ’ : i t  . ( . c - r t a i n H ’  He. a- are t- ffects present snn c -
- as  -

t c — -a~~r~- c ap a c i te t cat’ , W ir e — t o — s e a  c a p a c i t an c e , ind -~ H - cc-

t - t c .  Ic l i m i t e d  t e s t  ~~ i5  made on H- ta ~ rcadb c-~rd sv—t€ n

in v e st i g a t e  what is 1r , -l- -c h I q  t h e  p a r a m e t e r  w iH  t h e  - - - -

e f f e c t  ‘n- n c or i v e r s i - - n  ‘.H me , i . e . ,  t P - - w i r c - - - t -- — w i re  c -

f l , i s  e t f i - - e t  was ir ::es:i gated h~ s2~~ n t  i . : i g  i-n S i . C n i _ :H .

r . r -~~’e w i t h  a v ; i r i - i h l e  ap a c i~~ance - i - n d determi” -:,~ H ’-

mum c oi-ve rsion t imi’ i-n , - ach a si- . l I e  war - s t c a s e  r i .  c -i

‘c’aPr, maximum t~roL-. tt - ais tinii - e (18K oa-m ) w~ s pr e s i - - : ’  :,

here it wa s ft - nd Hit .  ca ~n -tc i t an c e s  in excess o f o~
f a rad s  pr o duced  c” - - e r s i o n  t imes g rea te r  H- -i n 0 .1  n- -n- k 

wh i c h s e - c - rn  it,tohc- r abi e for Ha- is app l i c a t i c -n .  At mi~c -n ,

p r o - n  r e s i s t - i n - c e  (3K H: in s )  c a p - i c  it an ce s  in excess  of

1 mi cr - n t ,, r i d (the- I H n c n - t  v - , l a - e  used in th i s  t e s t )  -

o a - ly si ~ght  iT - c r e a s e s  in can cers ion t ime over t i c - ~c, ‘,~ i -

descri li d aha-’ve .
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A - - p -~~ a- - : ~i . , - n - , - -  -  -
~~~ - - Ci c i t - n  t o  t h e  prob l ems

C ’  p m  i t  - - ‘ c - ‘ - .c a- ’ ‘ - a-c it, - . !1-is , this

‘- i l  a - -  I ‘:~
-‘‘ I - I  C t  ~~t - .- / t  - ‘ - ‘- - - - t ’a - - i r v  s st e m  design and

d ,n - c n- n - i - n -  t: c- - ; ‘ , I : i t i - -n ,~: ~- - .i - - - I - c t i - n  t W i ce-i - tn - ot a plotter

~~ n— t ~e- rTi h- , secI u - I  t i n -  d c - s i - i-n m : .  ‘ - ‘ c a- ~ — p e - c t c -  - i t e  presented in

V o t  nc ’ -  2 at - ‘ H - n - c  :‘ H -“ccc 1 d 5- d  w ct h  a d i scuss ion

c i  add i 
- 

- c n- : I c H c-i c-I I s -i - i r e  -

2. 2 ~~~~~~~~~~~~~~~~~~~~~~~~~

I n . , I a i U w t 5 .~, i - - ’n t i t  ive t’-c j - c  ~~ - i - i .  i t  i t - u t  i - c - s n -  are based upon

c i  i-- i t! t ! t - ~~r c - ’ i -  - NI “- - - d e - I  n i u d  - i~i c i i i  our presently

- -  l a - i c  k — ’ - - c w h - d i - i - -  i - I  IH- X i - ~. t n i n e r f i c e ;  in general , the

S i  c i I i s  - ,  * 1 - ’  - S  - i- c - , n - , - r  i - . ’  t i s  i -  , i - a l  -npro - i - -n i- - t i  t. can be expected

i i ’  -~ I ~I

.t- i ’ O a- ‘ Sc- ~~~~~~~~

2 .  ‘ u - i - r : r -  l - ( c n - - t  t i - c

L -i - - i~~ : -f 0 . i r , iw - l e t - i )

A c - ± 0~~ -. I ( I a -~’e n i z e d ; See Sec t ion  1.2 )

15



I i 1 a- - _~~ i i - - ”  - :‘_ - 4 ‘‘ I . ( i - t~OO t i  • r n i - I  -

l ) t - ~’ t i  i i i - g -  - ‘ - I  i l - C - i  ‘I - t i c r  I — - , i~r l o s s  r n n w c - s  are :

;:o 1 i ( t ( )  ft . . i--u t Ii 0 1 • r C - ’- a !  ‘ t 1011 .

1 - ) 1000 ft. wi th 1 2 t - - .  i-~~~ l ,H ’C a - I.

— — - .  )(~I l~) I t  - ~~~~i ) -  18 f r . i i  ~- t ’~~t ion.

0000 I t  - w i t  1 2r , f Ca- ~ i--n-c.- I I i o n .

‘i . Samp i C r ’ ~ l ime : l e s s  t h en  (1 • s c - c o  d s .

3 . Samp l i r t g R a t e :  D ep c -rd e - rm t c- ’  d -pt  t o n i - c t -  and r e s o l u t i o n ;

r r - i x . r a t e  is appro xcmd~~~’ 2 ~o ~ samples per second .

6. (;~-ad- l € -n t  t r r c ,r :  Lec-~ tO -n ~ 0. [‘F - / f t  - for i m a x i m u m

g r a d  cc- c ~ i - f -
3

F /  00 i t

7. ( r a d i c r -O N e - s o E t 1c -n  (‘it 10 f . d t- 1 C . r c ’ — - - [ - i t i o n ) :  *

Digita l : ± 0.0 [’T/ t ’  -

Ana1o~’: ± 0.04°F/I:.

8. Dic’ ital I)ati Prcsentatrc- c 
~~

i * - c  jO t i”~~r c or 12 BCD bits.

9. Spot Diameter: Less t H ’c - 0.00 ? t ’1(’-05.

10. Recordi’~g Med ium: F~~1m -n’ ’-- - :‘~-d •
-
~ ipertare cirds per

II. Film Format: A t ’ : e T t a t i c i -  la~ - t  i s p r € s & - n t e d  i n  F i g u r e  7.

1 2 .  1 - i  c m P t o c - - s c - n i u g  i - v p -  -- I)t - P7 cc t n - s .

Ume -. ess c- -
~ ~0 seconds

*NOU: Based o r~ r - ~t1o r [  t e m p e t a t ur ’ -  r - - -a-n~ - - - i  en d  d c-I- ’5-’ re solut ion
-i . - r - i g -  ,r. n r 100—ft. dt-pt!t .
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1; ,

I . ~~j z N O i t t O , -  - c  c - i - cl  l i i ’’ n- . I i ) ’ ’ x 20’’.

• - W i - I  c l n t  : No t  to i-:- -. ‘,~~I ~~c i lbs .

15.  l’ c cs- , - r  R€-q u i  r e ’m en t s  : 115  VAL , si n g l e  pha se- , 61) c;’.~

at  rio mor e- than  15 amps f c ’r  a

of  101) seconds  per  1500 f t . d c c  ‘ r -

2 . 2 . 2 ~ic-c h a i i i c - a 1  i~~yo u t

A f i r s t  cu t  a t  a mechanic al l ay o u t  of the system is ç - r c - - - r  t i - I

i n t tm n c-nc I osed I1rawing No . 9 9 9 2 — 8 .  I he re  an - -  two cm S t .  c c c l —

ing featur es of t h i n -  1a~ out wh ic li d i f f e r  cons ide- r~i b I ’, I

t I c i -  breadboard s’r -c t c-m , i a- • , t h e  a p e r t u r e  cards a n -  r - -

vidtcd in a magazine which holds up to 500 cards , end a

projt-c t ion mechanism has been inc Iud c - d  to p r o v i de  ,al ‘ - j  i i

v i e w  of t iic- ba th y t h e r m o g r a m s once they  are comp le -t e I .

iitH ’-r features of this layout ac. very similar to  t) ii-

b re - -idho-ard system .

l i n e -  ij ai t as conceived here is reasonably simp le, ,c-s n - u r U n -

m e x 1r n - x a n  m a i n t e n a n c e  w i t h  re liable p e r f o r m a n c e .  h o- api-i - a-c

ar d  1.-c h e l d  c a p t i v e  at  ~i 11 t imes , y i e l d i n g  j a m — r i - - n - i n - I  i n -’ ’

5 i r - r ’dl lug and capability of operation in severe vjh~ ,it iv’

e n s - i  ronm v nts . Loading, unloadin g and card viewing or--

m u  ‘rformcd - -n ti re l y fr om the- top and front of the  u n i t  -
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- cii 0 e mci c - - ,z i i i - . l i i i -  - 1 ( 1  is ru n  , l  ~
c ( - 1  I ‘

- - - S m , -

- ‘ - - ~‘‘ I d  ‘ -  - 1 i t  - - - , ¶ 1 - ~
- c i t - i - u -  I ~ p u - - n t  dcii- t and -— nc - ‘ - -

m c i - n a t  d i  i - ,e  m t - c i - u ’ i i c n m .  ,\t t~~- i s  poin t t I i t -  c - - m a  i e c d  r a

e n cd 11 i u r t h n i - -  r r n , n v u - m r - c t  at t i i i -  card s it c - - -
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- - -
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2 ) ) u - ’  - - . I i :  f i l m  i s  p r o c  o n - s e d  h~ c I t  i - c a - i -  - -  i-

- .  
- - - - I - . - - ‘ 0 “ “  - I n  - - ‘  r 1 , 1 p~i r i t n c f  s T o ’ i -  i-I - - n- - 

- - 
- -

~ ‘~~~
- -

~~~~ 
. d i - - s  t r a i n  t h e  t o 1 -  of t h e  m ci chin -.- . WI - c- - r to. I en

i n -  ac~ i - : - . -d to st - i t  - -  m a c h i ’ s ,  , tO- - dc~~- 1 ~~~~ l i t  I c  -

i - i l c - - t i - n  c u r t -  ~ i ’  c d -n~ - c i  h ~ :n warm I •
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O t~~~~ ’ •n-. -- - . i , i s s  u - c  -~~-~ . N c - c t , i  -

- p c  r n -  — c - - I s  ri;~ he- ‘ij - c I. i - h s I r  i —

- 1 _ s l u  ‘~~~~~~~~ t u l -  - : 1  thi c c’a c c 1 ~~~~ i

:5 - ‘ i (  t , d  2 ‘: j c c c j s i d  - , :  I

) t - - . ( i l ~~ 
tm~~~t u - 5 ’ c  i - l c d  w~~t 1i ta-c- b’ uw -

i - ’  - - in c l - - u )  c i  - ~ i - c  m i - i l  or, ~

c r  , - 5  d C, - - n - c c  — : b -n , rd - a~~a-n c n —

- c - c I C ’ n - c  ci ~~~c - -  , d - s ~~I ,  , - ‘ n - - c n c c  - , i s  - - i  ~,
t- -~c c - ,n r c - I i cc- w i~ 1 i u i -  n c - i - p C I  : c-d n--

I inc- kit hn ,ir -d . ! is Ii , - tr€- —~~c-e L d

a:n J c accs dt-r t -1 -~ c - a — ’ :  m ,  ‘La t~ ~C’ L ~t P

prodnc j c n  s c - t r i p .

2 . 2 . )  h n - 1 - - u t r , n - l i s

2 . . .  J . l cc - tr-n l ( t i c - i t s

I c i t o j i -  C i r c -  i S - s w~~1 1 0- . - i i - q - 
-

( c~~i- m i t r e  - - i i Se- qm en c e  - - - I

C - t n -em-i -re ai i i - - i p - i t e d  ‘- i r-

L i  .c- ’ .-c i m ~ - i -  c i t  r o l  tu , h - 
-

I i ; . j  i i  c~~~ ~
- -w . u d  c - j - ’ ‘ ~~ - 

-

c - _ ~ —u . -s . S : c t - - i d  - I r i - ’

c~~n c -~ its cr- -u t i  - l e i c I  for t i C ~~~~c



2.2. - .2

A I ’r ‘ ‘ C C i - c c  - t’ c i  - n- i - n r ~~a-  t o  t : ha t  ou t i  ned in

Par a-’ ; . I .  l sm- -- cl -
~ ii jzi-d - (:c-ms stant current

‘ t I - ~~~~, ’ c~ c l ’ - d c s i r 0 - I - , in - this w i l l  m a i - n t a i r l

- - m d cc  s - - i s  ‘1 - i t  t~ c ncr- p ir or i n p u t  thrc- ’~g~

- 
- - c . ’~~, - s  i - ’  - ‘ - c  s i -c t w ater retccrn path. A

‘‘ n - p  1 ic,~ -- dt c t j a-c  c in - - ‘it is required in series

vi: ’: t ie- h— -- cd o~ i - x ition i~~ t c C  tO d e t e c t  c o n t a ct

R I  I E a-~ 
wi t - ’ *i-- wat c- r and initiate the

,- c~~- c e- s~-- . A h - i c - -c -:1 comp lete information-i

.
0 ‘Ye ‘ n - c c ’ ~- .cl t s p e r f o r m a n c e  d u n - .  ~ a

d rop  I rec h ’ c -C ~ :c- d sc - - t m ol  times from i-he m a n u f r i c  n - n - e r )

p r — c  i - - d c - s  a-  “ ia - t’-e- r det,m: 1 regarding the br rdge

i n -  - - i t V ,- . l awe a--! , i t .  a- c c - t a - c i p a t e d  t h a t  tn ,

r ~J g- - v i I I ~
-
~~- ~

- i- ’ t c  - ‘ i - - L c m j - i - s a t e d  fo r  dynamic

I E u t s  c -f ‘hi- p r ob t -  s i c  Ii ~is  i n - terwire capacitance ,

w i n -— t o — s c -a i ,~~~~ -~~C I t c O ) C i - , icc d i- t a nce , e t c .  No ne

0f t hes e  t- ff t c ts arc- conside ied to be major problems ,

as they c- an-i i’c comp- -ccc - c - i t ’ -c f ic- n in the brid ge circuit.

I ~ ‘ - I’d l i t  of f - i- v i  I 1 I~ t ci I c -cl i t  t - the maximum A ! I)

c - c r - - ’er s i i - .’~~I rat e d ’c&- in ’ ~re r ea s t d settling t ime at

c a m p o r ; t o r  I p-: . M o i ’  i i - - i n g  b r i d ge s t a b i l i ty

~- - ~d .i ’ 5l ’r- uc ’: — i i  c - ’ l d iIs c s be ’ rel a tive ly easy ht-c-a u se

tr iOs ¶ c r i t i  i l i c - l n I u c ) T l e 1 )  1 5 i i i -  NiS s ive- , su ch as

ic - i c ii r e s i s t o r s  w i t - i low—temperature coefficients.
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- — c ‘ - m c i j ’ c - n . c -  t i s  i- c — 
, - -

s~ :‘t ’cl ‘ - : ~~
‘ . ~l~~ t -‘ - : - .- rn- dr it  : -

t c m n - ~c i - r i t ’ i e  c r imp ’s i t - - I , scn i- ‘- -

I t - r e - - n - t i -i l  ~u - d  j n - : , ’ i t . u d  I n n- -t -- - c c - , . - 
~- - -

W i t h  a !r  i d o -  c ,- :It - t ic ’, - -- c c i

imp thi-- c o-n i or  i t ar  t n - r i  — I .  d Wi

a p p r u i x L m - i t C l y ± I m t i ~~~- : c - - :  w’ c 1-n n-

t i e- s t a t e - - - a f — t ~ - e- - , ,r t

Sc-vc- r , i l method s .- , :j s t  f o r  c o~i t r ~~I I 1 ’  ~~~~~~
-

r e s i s t o r  ir t i s i -  b r i d g e . Iwo -oc - , i ,  r i i  i .  -

• i v 1 i l ab l t ’ , cn n - n i -  n s - . s  c c ~~~:~t ’ ’ , t ec~~~~~ q-

other uses some 1 0 ir c  c- f succ-,-sc - i n -  -~~j - - 
- 

-

Variations cur ti cu - i -  g-~~ -r c1  mi- -t ’
~~ ’c l s  ,~~~~

• - - 1 - Ia - i
extensive ly in t-ne ~ 1I. e r - n :-- c n- cc -

discussed here. With-n - it - l e t - il h i d  k - - V- -

probc-/~n- ridge cl . - m rc ict- ris t i i - s i’ is s - w

ficult to establish dc - s i i~n cr iti Li -

di gitizer. Howe wer , c - -’:t ,,i ‘ c .~~~~~ : c ~~~, d t . ’

be established and -in-ed in- , n - ii d i -- s :~ - . e~ i-

For i r n - s t c i l t c t - , a limit oc d~~~i ~z- s-, ’
~~

- . ,

may he estimated and tis1’d to c- i t - - c -~

optimum ic-i-rn of d ig itizer Io~~ie . ~I ‘ . ‘ - Cc ’

(2) For instant i-c , se-c- : F . D. DaI~-v , J r., ‘A :I~~ - ‘.

sion Techni ques ,” Electro— ’I’echiolccgy , Mc i v 191 , -
~ 
. 

- I .

- - - - -- - -._- * --



- C~~i 5 m m -  n - d c-

~ ;iXi’In-ujn c-n -c ~ar  t i n - u  I , r a d i t  r t  •. 5
°/ l c c - )  -

tI i:- inn u cm i a I . l ow n o i e  g r ad i en t  error : — ( i .

PuT clro~i rate: 2 ( 1  ft/se-c .

Then r mc , ’:in -n-’um s - u n - n - j i l t -  t ime of the d i g i t  i z - - r a- -

0 .1  F° = (1 .1 sec .

5°F! 100 f t .  ;-: 2 ) )  I t .  f s e c .

A~~p ( ’ f l c l  ix  A p r~ s (-m - t S an au -i l y-; i s  of t l i r u - i  C (‘i-;

digitization methods with respect to t i i ~~ir  o I L - t E

on settling t i T  :,t the c o m par i t o r  inn - : ’ n t  1~ u 

a maximum sample  t i m e  of 0 . 1  s c - c .  Ri . s’i i~~ n- or

this ar ;i l ’j sH ;  arc summarized below :

Type  of Digitizer I-tax. Sett 1 i n ~~~J-c

Counter 0.1 mn-c- c

Tracking Countn-nr 5.5 na--c

Successiv-.- A pproximation 9.1 n--~’-~ i - -~ -

For t i c ; -  c o n d i t  j ~ns :, ssij inc d ab ove , a suet c l i - c

i h l b . cco . - n i n u t i o n  d c g i t . i z e r  j i L - - -,-c- - t O’ - i . c a s t  s tr - l L t ri

re- -ri rcm’-nts ~‘i-c tIn- -cyst c-n-i beceuse it ‘ - u’- - 
- . c i  - • - i -

settling time cit the comparitor.

I )



- _ -

A ; C ) 0 ’ ~~ t u  1 , 5  ~ y p e o t  ci ig~~t i z i - r  requltLs rn:i~-

n- in -’ - co -: intirie rn :cced~ , it is

id .-~~ ca-n-j- 1c .ctc cd . u ma cc” r espec t s j~ i - -  “ : - nj

‘ma n i - i t , n -~~-- 
- i nt l  n - r c ,n : b l c s l i o r,t i-~~~~~ ,!n - c -  the- cc-

me thod fc ’Uows a co~ts is  n - -~. - t t n -

~ i n ( 1 , t~c t -  Ic r c- ,ch co— i-Jersic -n ; where-as tne t --’ - cc~r

in i--° n- -.ting cc-fpes n-ra r  i o n -  dcp ’ d~~~.~ 

, c , u n n u c a t i - , l  c act- ,t .

Fti r t i - - n -  m i- an -On — t 1i c- s in - i -  c - e s —  iV c - i j i p r o c  in-I ; C ,

d ii- ~ n-izer s rc-comxr,cr~ded.

2.2. .~~~ I n -~ ’c- - - r i z c c t i c n n_ C1i ’ : r t u -

As djs ’n-ssc- d in !‘- ‘r ra h iic [.3.2 two m et - c - n - -- cc:

lirc- i niz :itj occ hci;i-- be e- n considered:

l-i ’a-llel__~Ietho~

Ihi - raraUe- me thod cs illustr ated in F’~~u - .r c  ~~~,

f -r .~r- .~~ ‘c c E u t u , g  ~lot w- ; t Ii  170 poss~~~lc ~~~~~~~~~
- -- -- , 

-

“ A ; -2”  g - u t t  n- are- rcq’J i-red. ~‘hn-~ o t e  inp -- : n-i

dr ~c c- ’ r,--- r -iffercm .d , - rm p cc :s I r a n  tl i i- A/D ccc - - a- -
‘

j u ( _ d j 1 . c -  i~ n - i  _ ~ s -n h t i st  t aci t  ~:.it ’ se ’ t-c

A 1) o1t~~’ t :  n ’t~’t i -m s  c ’  -r nms potcc dfr-g to a 
~

- .rt :c  ‘ I .

:e - mj u - r n -  t i - - c -  I ~c- cement in :mnis case’ () 
~ 

c j~ i~c ccI ~~~~~ - -
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ANALOG

2 

- 
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W i ~l - p r -- i - c r ~& -1 e c t i m  of  c i r c u i t r y ,  t I - c -  t a t - i l

r ‘imb e r n l  b - art S r e i 1 - i f  r e d  w i th i ti - c- pa ra I e 1

‘ cii t ’ - oj  m a y  hc- m i - p i n - i n  nned . For icc sta ince - , ir ’_ e- -

graNd in - i t  “ o i d ’ ’  giN - ’ arc- i i r r c - r ; t l v  - nv~i~~~- c ~-

c-h i c ’ car t -n m an o u t h u t  s t i g e  capable c u f  d r i , j c  ,

sma l l  L T n - C c c f l i c - s c m n t  l~- mmp s dire -ct. i v ;  t h e r i c i v  t- tr :-

- i ’ i r g  t~ n e q u i r e m e r - t f o r  in d i v i du a l  lamp d r ~ - ;i - - r

circuit s . c\ parts count ta r t int pi r aiie - l c u t ~~m c n-J

v i i - - ] din

Part Tyj~c-

D€-coci i :- .-. : i;n hn tegra ti -J ‘~ i r c - i i t  ( r i  s

f i r i v e r s :  1 )-I T r an s i s t o r , mcd i in pC,we-~

54 Rc-~~is tors

242 Total parts co-jit

S e r i a l  Method

A detailed exp lanation of the serial nie t1 .cs -J I a n -

hi - c-i c presented in pard. 1.3 . -l cxc 1-. d i r g  I n v -ii ~

t . 1 - S S i u - f l  of the required decoding and Limp dr ive r

- ire - - it ’ . A l t l u i i i g h t’ e- dc- c i ) d i n t g is I c - u - s  o r n p l l n - . i N  .J

I In i t  i n  - t I 
~

- p , - I l t  I n - i t t I ad , ct c t r e- i ; - — r- —

.,c-ui r - xim a ’c-I v t ( , ~~~~~~~~ i , - ’ c i h t - t  - - 1 g a t i -  cm i n -  i l l

i t s  e q u i v c i l i-r t  : T i 1 di m di- de cud ir g m c . i t r i  x c i i c n l  l a i n .

Jr eve r e i r : - its) ‘l~~ - is , .a pa r s S L I V  1 : -  gs ii: ~e

j un - b i c ip a t e d  w i t 1 m r t - - ~p - ~ t 10  t h i- p a r a l l e l  ni l



— _ _________

~~~~~~~. ~~~ : t  ~~~~~ 
. 1 ~e r i - c  ~‘hi ’ L i-

l i i i _ L h u u  t oni ¶ - c  a’ ~n c i a - i — c -  i ‘ I i i  ‘ ‘c 1 i - r  ,
~ t i n -  —

r eq - i: ut ml , i i  — i - i i .i I c c i - - .3 - -is - - t - - I - - u  r - r u

- m c i  Ic-sn - — i  I ; u 1 ’ Ie- Il -ar - th e -  p i r a  t I -

I l i g i .  n- u - u - I  - i r ’ i i j t —  a r t -  u i - i 1 - u i - c - J  Ii c - i - d i n- u

c - i i i - in i - ‘c i  t i - - i n  iii a r u - I - o n ;i - - h e -  h e r  ~~t c I  ‘ : ‘ -

;i r d  r c - i i ; i h i i i i - -  i c c n - c , u c -, i j e r i b l v  r t - d i n - -d ‘ t c - i - ~ - i

t i c- t - i i l u r e -  c i t  ~- i n- j c c 1 c j e- - j r _ - a l t i n  ‘ I . -  - e r i c
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i~~ t h u .  c i t  o’ e- of t i - c - driv e- n t i n .  ui t s . ar-i I - ’  ~~‘ j  c

- m d  ri -- 1 - i  i r a f t he I- i l  I - - n - c  i S t i l l  t e l  c i t  c - u  ~
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l v- i n -~c c  1 i ~ _ t - ’ i - s  c c i  n (  u -ni 4 - n , n . - - -  
~ - , — : 4  i t - . - i

- i - ~ i •~ It- ~ ‘- z t  s , i c  I ~~ _ ~• r n - ’ - _ . c - ‘ c i ’ i a -q  ‘ - d . ~- - r i  -

t i c - - s w i l  he  i n u m - ~~’i i i ’t - d w , c  i- a’ffl - c i - - I n c :  - , - -

t ’ - l i c w e  — t  r c - q n c i - i c~ ‘h -  -- v ’ - u i - - r nn . - 
‘ I  ‘. - r 

- 
‘ t 

-

a ss amed  i~ t i ’  1 c wc~~t a m h i i :  - ‘ - c  . m ’ i u g ~ t- ’ c ’ 1 -~ r~~t j n  -

d c c c l  ooer n i t i n n - g t~~ nn c ~~~ r n J t c i r , - i s  :“ a t  • ‘-~~ ‘ i S . Fr ‘c H 
~~‘ f - , ~~- ,

t h e  st i :a dv  s t a t e -  e:’’ - v e - n - t i~ - -  bea ’ l a n -~- i - —  c - d c  ~~r - i ’ - c a n -

3. 1)1 h u l l / m i t -  / c r  n u b c u t i t 50 w~~t r n - ) .  W i t ’  ‘ I c  - 1 n- i -~~ c ! r - r

i - c - i  as shaw~ e i ’m~ c r d i  : m l - c m i r  i ’n ’ ~i 1 m i r ~~mr ~‘c~ - I c c  m M

s t e e l  car .  be c c n - e d .  3 - c -  n - r i ’~ic n - - I  c - e-n ‘r c r - ’  t i - - n- I i  i c - , I

f o r  a d u c t  of  t h i s  n - r ’ s s  n - - - t i - ’ ’ - j~ Ca ~~a-~~ - i ~~i ci - -

0 .824 i u n t c h e ~~. Ma~c irn~ m ta - in t r a m — f i r  cc- c ’ - .c  r a

d i a m e t e r , and t Pi n - n - c c  ,c -.’n i d e i  w i H ~ t i -  r w c ’  : ‘ n- h r -  cc. r

show n in Fi g - i n . -  9.

D c :r i r .~ wa rm — up Ice -a t  w i l l  hi - - lu ~ n- n- rn - t }  r e  e uCc ~~ -

hea t i n g  t I c I -  a i r . ( 2 )  h e - u t i n g  ~
1 ic d u n -  t and  h ive r a - — -- i -:- ’ m cc v

a n d  (3) n - c i n u v e - c t i v e  j cl ’ses  ~s th t- c- - t n - i d - - - f  t - -  -ml n - u  n-- c r - c - -

i m p .  I t e m  i:i) is n e g l i gi b l e .  }i y c n n - s u m i r g  i i  i -  i - c c ’ n - n - -  d . c

I n - c a r t -  a n -  t o  2€0 ° F and ‘_ a k i n g ou -e  1 a i f  a - I  t h i i - ~ - - i l ~ .e- . -

cot ~cr--ative c-n - irn a Ic of t ‘ - -  - i ~-~u n- t c r €  1 : n c  i - - cc 
- 

‘. cc

o b t ain e d .  S l m l l a - r l n - - , a s s - . n ii r g  o n ly  ‘ c u - c -  h a l t  i t  T i n- i- ’ i a 2 c

state losses w il I occur during t h e -  w a r m - - .- n e - r i , ’- I . 1 aii

serc’attve value for item (3) may he &- - - c ta tlish c cI . ~t ci i ’m

second warm -u p  period is an-surnei , i- Iu ~ - l i c - ,i ‘~~ - t r i - u 1 u i j r e - i



t u —  I ’ n i n ~ r t o -  d c  r c r c  1-c i u - n c i ; - i - r i r  re n—  l , . . -.K 1’H -

i i ’  i s  n - -i 1 1 r i - ~~ c i ri - i  ‘ i i - , - I - i ,n- I - - c c i  r ‘ r m 4 1 ci - u~ - — 
-

w i l t s . (Kin -c e- - p  H’ t c - r n p m  r a t  r i - , t i -  h hic w c- r rn- ct -

i c c ~ , - t  a - i c ’ n c- in i av hi - s - I  t i c  c i  r u t  ( i i  un _ -c ~n t - u  c n n  ‘ c - m t  e n -ci t i n - ’

2. 2 . 5 c - e r i c - ’  Ne - U ’a n t

The p r o  ) e - c t I - c n ’  - s n - s t e - cc i n -  m_ c c n n u c ; u r c m h l c  - c c c v  ‘ c c c  ‘ hr i  ‘ 1 . 3—

p r i - j e - e t o r  ‘ n n e - c i c a i c i s r n . i ) f  , - - i n l u c - - l i r  i i I & - r e - - ’ t i n :  t n - c s

i s  the-  power  r e - c h u r n - ri h~- L I t - pr-a i c C  ‘ i - c . i ’ c c i -  r -  —

affects the- size - - c t t i c , -  l an n i p  an-nd t 1 e- - urn - c cr  t - -  I - . i t  ‘ 0

h&- dissi pated. At -i , c c t j i n a - L i -  c c f  n i - q - n - c c c  I cc n i ’  ‘ c w i - r

is presented be- l ow:

A s su in u p  t i o n s :

I . ct  r e~. n c  A r c - u :  i- ’ : 5 ’ ’  m r u h i c a r  ~ _ 1 I t

Rear  n - r u  i c - c  l i - n i ,  he  r e - i - n  h i m :
.3. RvfJ u- ~ ti v u t v  c f  f r o n t u f  --~:r - -e- ’ :
4 . A m b i e n t  l i g ht  c-ri n - crc-en: I t ) ’ 1 ’  -

5. Desired ( c c i n t r  , c t  Ra l t u - :  _ i i (

6 . Efficiency -f Ic-i -ms . Ii 3m a n - - i  m u  rr ,nr ‘ n - - i ‘ - :  
—

Calculat cons:

1. A m o u n t  t i t  a rnb  : t i n t  -~ i g1- t r t It — ted - I t t I I I ’ :

~e r e - c - n  R e f l ~~~t i ” i t v ~ A r n b i c - ”  o r . x ‘ 1

2 4 )  ft- cd.

2. R e q u i r e d  Re — i r i l l  m i - a n t i - -

cc u c t r ~1s t  rati o X Ri- f fe - . ’’ -j  Au nt ) i -  r -

-n-c r e m- n -  g i  i i -

i c r  I x ’ ’~ ‘- I~~0 t t- -i
.- . s

I .  Req ii i red ‘11111 ’ !  - i r  r i - - a  r of - r i- - I 1 u ni 1 t i n .  - -
- ire-a

o r ~~ ~ P • I 16 l ime r
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4. Lumen s  requ ired at lamp Li merns i t  r c - c-t ’ .-
e ffce ie ’n - c v

or i.’n- 5 1 l umens

Si n e incardescart lamp s t vpica l lv  pr cndn-c i -  1° t o  1 j me-~ a-

wa t t , abou t a 5 w a t t  iamp would su f f i c ’ .

The above estimate is rough , hu t it does in d icat e - Na - I

projec t ion lamp requirement is very nomina l a’d sho~Jd ‘ u t

presen t any problems in power consumption or - e a t  ic~~- si ,~i i - in -~n.



2. 1 U~~~~~ i t i c c n u a i -\ j~~- n - r t

2 .3 . 1  - ) ~~e - r at _i - n

Fi gu r e -  i t )  in - a t l - w  d : c m g r u~c - ~~~~~~~~~~ c. t i -  - 1 ( .  ‘

c - p m - r a t i n - c n n ,  i c i - r I - ’ r u n i - d  h v  ) I - ’  c _ i r.,H -r - - I N - s~~~~~i -c c ‘ em
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, ~- - i r
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m u s t  ~~ cornple ti- n-c- fcc i - , uc i 5 I -‘ f  ‘c- — c q • “ - - , n - cc , r -

mj t t e d  to l- c-~~ i r ~~. At r t i  c - - I  ‘ f  - -  n-cc i n -  Ic ,n- n - v

iI~ - n — v - si c - n i ’  i S rc t_ - roe ~ i )  I ci I I. i - i  I n- - ,, t c- a - I c

n - a- d y fc ’r  o -- ’t ’’ - n RI d r u c i - .

2 . 1 .2  R e f l ah U~~~~

3~~e rc’l~ ah11 L y  c- — u i nn-i t c- c ’rt~~~c ’_ed ~ -H- -, r I :  x Ii v ccc 1 1 -

i t  -ml M 1 ’B F  f i g - c r c -  -~~ 1 ‘ o n - r n -. t b  
~~ ‘ i - e n - - ~ . r r - en-

t ’ ) r  c c “p e a r ly  a l l  ~i c ~ ici t ‘i i- ui l - b ’  - -- W I - ’ - - -
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I iv c  -i “ - - i n - n : ” a l  I 1~~’ ( \ n - I i -  c - 1 5 i  - i ’ d , i f  ‘‘ :,  I r c ,- . v ’ e

i s i — n -  ‘ i i- -  I - r - i I ~I c - ‘ - - i “ n - i n -  i — — & - r  - c - - c- —

l i t - i  I i -  ‘. in- e i - e ‘ a- ;n 1c. r — - i ’’- ; n-— , t n  ‘~ i n  - c -1 t c

-~ ‘ n- ’~~~~~~ 
n _ i n -  i 1 - - r t c ~ c- _ t : c n n , ’ i -  ‘- i i ., 1 1 : r v _ n - i - c - 1 ’  n - mn

MT B’ n- - ‘ I  ~~8 cc i- , ,

A I t ( . - c n - e t ’ f~- i~- . - t  a r u ~~n rn , 0 1 - . ‘:n-c c u c - t  ‘c ~ - ‘n n- i - n - - ’

their I c c - ,  ._ ‘ , n-h tin - i — ~ n - i n - u ’  i - - i  - ‘~~~~ _ \- n- -‘ - - ‘

I t  j~ L i r a ; n v  r i ; c n - c - ; c , , t I -  t -  c-~~. i -n- ’ - -

f i i ~ i r e ‘11. - ct i .- wcI .I In c- -~- -
~~~ 

- - -c- ’ I - • -
~~~ -

A r - p e r i l  ‘ •

2 .3 .  [ r v c r o r mi -  Pt a - i ‘ t - i - j e r n i ’n i u , c - ,

i n -  0 ~r a u - z r  m r .  h mn- r i - - c -  r-, r c t i - n l n -~ zn ~ - r- r ’  - - N i  n- n - f t - rn

wi i c i- - wi ’i~ d i (~~a- -‘~i -  c Orn) i mdi. - w: ~I r - - c - c  c c -  ‘ic~ ‘

q i i  re-me- ’ t i . c - 1 
~ 

- 
1 . t l t )  I — , I _,  . -- , !‘ ,- - I ‘_ c &  —

of n - r u n- 1 .1 - ‘n i t i  ~-i “ i ces i n -  I - e q c - - - r  - F - - ~ c ,

re- l i n- -d c -  i i ’  t y v I eases t lie- ‘- i gn abr I~ a’ -n - - — I ’  re a . -  I

to meet cc g c i - - u v i  ro rm er ta  1 sj’c-L I [ c i  - ‘  t ‘‘ -

___  - I -‘- - -
~~~ 

—- - -- -
. -- - — - -



r c - ’.I ’i I c  ‘‘ ~‘i - n -  c- ‘. c

~~~~ (;&-t- i- r , ui )isc in - n - i n - c c

c- p n - - .1 i - Ii ccii a I l i c e  r - - (  c i -  u- 1, - c  — r - c- - ‘ - ‘-  - ., — c c n -

ci -i vi -] m n- -i d c-sc -ru -c --I i c  u - u - ~~ u - - u- 1 n -  - -  N f l c - - i I v

s i m p le- task f u r a - r i  c n r g c c i n ; u cc c t i ’ c r  w u ’  1 -  cci I -  - e

w i i i  and equ i pped [icr f-ihr ica i ccc c-i un - . i t ~ ’ n-- c c - - n - n  r -u r : —

eq- i ipmec-

j u lo t tc -r S\-ste-m -.c- i ~~L n - u n - — m n - m - 1 c ’ n - f  ‘ ‘ 1 ’  L n - n - I  -u ’” -

commo n Li  u :(culilr cr (  i - i l  a r J  m u l c t - -m r v  !e - - t r - i  i n - - - I ~~m -

p r c c c _- c - n - l n g  e q u i p m e n t , a - i c ! n- . - - 

~q - i -  - ‘r c - u n - c ’ - : f.,’ r u

I l - c r , . c s _ c - i c c h l y  or  q i ~ u i u t Y  a n - — , n - c c  ~ i. r n - - c ’  - r i - n -  —n rc- r -

q ii r-; I f o r  p r - ‘d - i- t in-in . - n - c ’- i n -  - It c -  -r c - --  - - - - ‘-n-u

wi ich r e—p r c — e rt s .i rew a- --;! S~~ n c w - ~ a - r  j o~~j a - r , -  c r c - I ‘ :  -r

probl em is t h e  fib r c .i p tN  n ’ - - - , r - i u ’  ~ 1 i - a i .  R a n- c- d n-c c c  n-

c.- xp e r i t - n c e- in. u_ i -c - 1 a - r i r . u I  n - .~n . cii n w _ n  m l .  I t - - ;  i n - i  I

. i n - s e m b l i i  n-- for t i e  h r t i dh o c r 1  ._ \ S r c nc c . ~~ i ; - .  - n - - c t -- - - ’ c -  c - i ’

he greatly sim p l i fie -ml wiN few — n - i - u - e r i c -  L n -’.~~~
- - I ‘ i c u ~~ —

a n - - i  f i x t  •res w h i c 4 w u c ’ - I - -I ti e- r m i r  f l _ c -  i- - u - cci i - c  ‘c- , I n - — t ’ 4  - I

a n c - c ’ -n- t i n -  ep o Yy  W I t I c c c i t  t 4’e - -c ’ c n n ’ - i ’ - ’i ‘ m I !  - n- rr:~ i irc- i

tv r h ,  rrm l i i — i n t c - p  mn-c ’ c~i 1 t -u r i c c c ’ - n -  I ;‘  n- t n ’ - ~~F ‘ l I o n - ’  — .

I i  
~~~~~~ Pu ’ n - c - y e - r e -  p r o ! - - l u n n . p r n h I i t n ’~ i n - c  - i t  - - 

,.~~ I .

Fi r N e-rrlt- ’r.- - t t - c - r t  a re  m a - c  v a — ; c , n - c of e .l~ - - — : ~~ ’ w -_ ‘

i - u I to imp Ii f y  ;- rod c’ i - mi - - - - ._ - - r n - i - a  ri I w ~ ‘- u rn I~ r

c - q - i t - n i c i  i t .  ‘-i ) me- o t  I t i c  n - -  I c - - m t c c c - ~ u f ’ I c — - - — —c I c i - I

-J



—

t ’ ’ 1 1 u n -~ i u i ~ i n - i r . u . -. r i i  ~c _

~! . 4 ,  2 !~~~~~~~!_ I C ,i t a - i - i - 2 i~L i c t i __c~ii n c ç 1 . t v  c n - i ’ d

( c - r t n - l j t I  t & - c m t - u r i - - n -  u i t  th e- n - I c ~~c u gr  c c ’ -  ~rc 1 c i t -  t~~ t ’ u r. --

d n -u c r i on ~ c c i  p r c c d c n  t i - n - .  r - r h l e - m s  m c - ! r u - _ l i  Ic i - - n - n -

p e n s i v e -  - i -  n-I more- re 1 ~ab  I -  e q i c - i c i i  , ~ an , c - n i ” , l u  -

t i - c -  S ys t e m  is c - n i i i l n - -  h r n ’ k e - - d i n - n - n -  !ii t -~ n - n - V  ‘ i n - .  ‘a-r

isse’mhl ic’s:

(1) !rin ~ cn-d Circuit B o a r d :  )~~t i - n - - n - - v .

(2) Blowe r and [Lrt A ssetnc lclv
(3) Card 1r a n i sp c - r t  As sem n-u l y .
(4) V i e w e r  A s s e m b l y .
(5) Tern -pi n -- r n - m t I re- c ’c ’n - u ) l u c n - .
(Ii ) Powe r -~up p l v  -

Each  of  t I c i - ’ s~ c c c u ’ -  a - s n - e mtm - ! i t  s m a -y  ~e I h :  i n - - u  1€- cl an  I ‘ c n-- i c - i

on an i n d i v i d ua l  b asis  ri -- c - t i c  i c - .-~~- c ~ a- ’~~~i- -u~ i t .  - i m a -j r

c h a s s i s . T h u s  w i l l  g r e - a l l y  I n - i c  i i i  - i t ’ - ; n - i - i - - i - -- ~ - i n -

t he - sc -  seve ra l  a p e - r a t  i - n i - n - m~m v  h i -  ; c & - r n - c r i c i i - J  n - i ’ d . ’ ’  - - - c -

r a t h e r  t h a n  having to  co m p l e - ’ e- -c m - a - — u - n c c ’  ic - ‘ cvi r k

can begin on a r ’oche r .

An on t st a r c d i n -  g feat -u i - c -  i - i f t h e  d’. - -, i ~r cc t i- ‘— c c  - 1 e ,‘ r or - - I

c irc u i I board  wh LU, I: , sun - cc i  a c l v  m 1 - i c t  ,- i , , ’ m~ - c - ’  c - ‘ It -n-

By us it ’ g on) v one board -‘ lii: ~~
- ro I - - ‘  t it - n ~n- - — c n- i t  - i t  I c-

s imp 1 i f ied hi-- c n i - c s c -  ‘ ‘hack p a n e l  - -  w’. r c i g i — & I i ii i - i - ci , a - c  i

f a b r i c a t i o n  i s  r c -dc ’c c - d  1,) s tLf I i ‘ -  g n- , c n n c t i n - , ‘ — i ’  i l~ c - m r ,J

and d ~t solder iri g . Ri h u h  i i  t ’  v i - ‘ 1 - - ‘ . c ‘ m r n e  I - m  — - - ‘-

many corun ec t o r n -  and w i  i-i rig i -a n t - i - - -se- — - -  -~ -- t c  u i  - . I v u ’

multi—ho ard system arc imt rc~qui i ri- -I .



i n-,

I ’. i ’ n -  - c 1 ~~-c - - l a - n r c  - n - i ’ 1 - . t i - u - - i i  I - r c a-c — i- - u ’  -c -  - 
- , — n - — ni- 4 .

- u — u - I  — c  i - i n - t a -  i n - i d  i _ e_ - , i t  \,cl . i i i  ‘ ‘ u j  ‘ i  i~~~-~ c - -n- - ,

- n - u i  t I - . i c - — n - j —~ m i - I  v u 1 !  c - I  ,- : 1 c m — n - i t t ’ c a -  ‘ n I , i  c u . _ _ c i _

ti n -u  n - n ’ ; - I or  d i i u c c - n n- i c - n  i i  n - I  i b i  y . l i n t — - n - n - c l ,  - c,

.- c -  c c c i i i - -  -~l in-I t  ir’ c r c - .i s c- un - c  p m r t  S n - c - n -’ - ~ ‘ i n  v , i  I

I , i c i l i t . i t c -  c c - c n n - t n - u i  t i c - i : , , , ] j n - c c i c c c - ’ t , , t l d  I’ n - ’  I u r i r n -

p r o duc t u i c n , I t  . i l s o  c- _ i s , - - , t i - c -  r e - q u i t  N n d ii  r ‘ — c -  i t ’ ;  a - i - I .

t o  I c- u- i n ’ c c—s in  t I )~ - ma- i n  c c _ i c, i n - , l u  i c, i n- - i  c l i -  r

a d van t a g e ’, as t h e  rn-a i n  c h a s s i — , i n-  p c - n - - u p s  t) t m - - . t

d i l l  i c i a - I t  m e c h a n i c a l  i - a r t  i n  w h i . ~h ‘ c -  h o .~~ I i n - 1 - t  ~- n 1 n - m n ’ c n-

The- sc- s t i f l e -  I c - at u r e s  a r c -  a m — - - i tli p m i r t in ’ n- w : ’ ’ - r ,  ~ - c r J  ~c

na m t  i - - m i n i - c -  and  n 4 - m a  in ol i c c- eq-  iI’i n l& -i- t t i n  c I I t - I

r I i c  l ie - i d  b e - c - m u s e -  ‘ I i —  m u c d u .i l a r  t i - m i — I n - n -  t i  - i n  ~~c n i c . - l i e - n-

t h e -  l o c al  con a n d  r e - p a i r  i - f  I . i c i  i t - n .

2 . 5  A d d i t i o n a l  C a p a b i l i t i e s

One- o u t s t a n d i n g  f e a t u r e -  i - I  t 1 n - i- p l o t ’ - r  s v - , I cm  is  i t -  c i ;  ) c l c t v

of p r o v i d i n g  o u t p - i t s  ta u c l b i - r m c i i u u n s  i n ;  n i d d i l  i c c ’  i r  d i  :1 - i  n - t

c a r d s . i . e . ,  t e - l e m c L r y  l i n k s , m a - g r e - t i c  or  n - a - p e r ~~~~ i -  r i - i o n - f e r n - ,

d i re -c t - i c t n p u u t e - r  i n p u t , i - - I c .

01 p _ I r t  i c - I l a r t n t ‘-n- -. t lie-re I s ti - c ; c c u —  — 1:: I i  - v - - I  n c i ~~’n -  ‘ -

hi daLi or . p - u r c l ’ -d paper  t a p e -  jr a Icur m e ’ r n n m r u l ’ ! c  W i t 1  - n - . q m I r e - -

m e r i t s  l ayed  down i-v t i -c- 1 - l i - . t N n i c c n i i . m :  W e - a - F. 4 .-r I - n - c ,  i ; i ’ v . I l c - ~

rec o r d s  c c u i ’ I d  bc prepa red  or. t - t a n d a r - I  S -r  8 l i - - c - i - - I  t c - 1 ~ t v ’ , t - i p e

su i t a b l e  l i i -  I r a n - s m !  s s ion  over  e xi s ’  in g N , i v v  & c - m m - u i  I c - m ’ l a m  n - i  r~ - i t

‘C,



u , tm i ~‘ t c- — c: i .i I I n - m i n i ,  ‘ i n  - I c i  c i i  _n- i I ic ’~ - 
, ! I i  n- - I u - - - I - - i - ~_ - - -

I i i - -  n c - - j u j r c - d  I ’  j n r i , r f , i c ’ c - w i l l ’  - i  n - t u r n - i a - n - I  p m n - , - r  1 c m 1 - . r n - I .

t l  i s  i, . i ’ — c , iu o w e - v e - r , i t  w c c t i l d  be i n - c - s t  i i d v i n c i u n - c - c u  i i -  ‘ - a n - c - ‘

n - u  Ii - - ‘ c v - u t i - r  p r : n v i d c -  - i  ~~ . i ( h j - : . m r v  - iu ’J ci ~e - c u ’ n ’ , c - ~~~
- - i ’ n - N c  r

r h I n c  t - & - ’ : i t - i r a t h i i -c: u r c -  t y p e -  ; - ‘ r e - v i c n u n t - - j c - -  -ii - . c c i n - n - c  1 , i —  •

b -  d i r e - c  t l v  c c c m p a t  i b ie  wi  t i  I ’  e’ l c - l e t v p c -  code- . l i - - i c , i- : r -j  - - r i - -

w o - i l d  t n - i - f l  ice- r e - c o r d e d  as t h r e c -  di n- n - I s  r e - n - r u s e :  i’ -g L - c ’~~~. o n  its

and ti - -ui ti’s ccf a di n - r i - - c - . This  w o u l d  rccl d some c c ~n’t I-:x u ‘ c- - n N

A/~ ct c riv e- rter , but it would not he excessive . ~~‘ i- -  i -  - t - r  f - c i cc

c irc ’ uit rv wo,uld then consist — i n n m p l v  u - f  a di g it m~ mn - tm 
~~ :- cm r

c ip a h l i -  c i i  seq u e n t  ia ] c-- s e n - m d - i n - n -  t i- r e - c - j 3( 1) u~ a - r n - c c  L ’ r —  n - i  n- c’ n -i

C o i cr ’- ia n i  o u tp u t  b u ss for p resentati u i cc t o  t i - c  t a -p c-  - - a- - ‘m r _ n- ir i n - ” ,

11 is  cc c .~ d cie - d c c o m p l i S h e - d  w i t h  ,s f e w  i —  iO i i  t c - g r . n ~~ I - iN n - V

c h i p s  .- i n - s n. cnm i rl g ti e tape p in-: !’ r c ’ n - c t d j  n s c t - c-yr - - ‘ ‘ c. :  — i i  I n ’  -

c ire a - i  t S -

As c -n -v i s i o n e d  i n - c - r i ,- , t h e -  t c ~~i-i- w ou ld  he p u r n - c i ed w h - i ’ - C i t . R I

drtc p is taking place . Each time t’ c A / i  , c- ;~- - c -r t~~r c m - k y - — n- i

, ouiversionu time interlac e mini I would ~ n- a -n  ~~ r i - - c  ‘ a- rn - c . 1 € - n -  -

t i - t m  t i e  p u n c h . ! i m i n g  i s  no p r o m - i c - u i  hc- c a , i s e  ~~i - i ,  r ( i _ . n-
~~~’ n -  - i .

-mv .c i l n- i I l i  between con vers im u ’- -- , and c c - e t c  t tm - i  ~I u w - — ’ u - a - r i - i r i t -

I- I c s ( m i ’ c c  ~t 20 char. / — c -c • i - - a - ui rc c r_ 1 ui r - ’  i - - i  n- I C i m r m t i -n - -—

i n  ibm u c t i m e - . I~I s same scheme c c - u d hi- n - m i -pli e d (cm — I ’ v - c t 1 c r

d e v i c c ~ - a t ) c h ] c -  m u l  r - c i v i r g  c i -  re- u i - lu n- di g i t a l  ia - I - u.

1r our op i n ion there Es no (i-ut’s ! t or n  as I n - -  N t -  t ( ~ . ~- u 1, a t

t n - c s i h i l i t v  of t h i s  ad .ie d cm; c :chi l it v.



i n- t c  L . c s ’ , —~ ‘n- n - c U ’~ t o  m ‘ n--L n - I t ~~~~~ , - .  - ‘ s ,, n - , n - n -  -

b i t - r n  cI ‘- - i- — n - : - -  ~~~- - ‘ -  - - f~~~ rnt  A d -
- - i - n - :  n- ‘c- - :- - - - -  ‘ - c m - ‘‘

,~ s fl’. . ’ - 1 ,  n - a -  r - -  1 ‘n- -_ - c -rJ’’ : i- :t- ’r ‘.~~, t. r : . ‘
~ I n -  - - 

- -

t-ard . cc-c n - n - , —,c- c- -:~- c ‘: 1 I . L n c  ‘‘ — - n - , -~ - - i  - ‘ ‘ - i c :  
- 

n-c - , ‘ iv 1 - . - - - , .  - — n- c - - 
- -

c- t-ntr al ci. - — -: ‘ - -- : ~ I-n -i sI du -n-

One vr -ry  ~~~~~~~~~~ in : ’ ‘‘ od of roAdi— g n - i . - - i - -  - - ‘n - - : r n c, a- —- n - i  C ~~~~ S - - — .,.

versing ti n- n - ’ - c o r d i~~n- p r o c es s , i . e . ,  c n n - ’ .- ci 11” V r i — c ’ ~~- - . n - l , n- - —
‘ t

source- btc~c i~~d e f i i ’r  and i- d ividua ~. p
~’n- ’ —’ r-. - 

- 
- 1 -

digi tal d t-c ~“n f~ 1ni . However , N- ~s m i - -n - ico d  ivy-d Id r c - -q u~ -

mechanit n-i l ‘: i t e r an ce s  b etwi -- -r- a c ~nm ’d’: n-jr-I r&- n-~i ’ c  - - /  -n ’ - 
. , - -- a- . -;

r e c o r d er - -. n -C an - :- - r c - d  a l l  over ti’ c- wc r n - s i  [ ‘ c  -rd ’_ c -n -’  ~~~~~~ n- h, - 
-

- - -
- - ‘c -  a-

regis~~r a - n - i~ , i— cd :~~ . jcro ~~lems ‘:f c’’ . - : n - r , u  i t , uc - I ~~
c- -

~~ n- -s — - - - - : n - .

would ht c\ ,-rw~.y- in-1 n- in~~,

A more idc~a~ met~,od would involve a~ c~d~ ptin’o ~‘t n - i ’ . r  ~,/ 
- - -.~~~~~~~~~~~ --

r eg is t r u ~t o-’ u - c  d be ca - n~i1y a c c n - rnn, -m d . u ~~ed .  -Z u i~~ c~-N 1- ~~,- - - n -  - - - -

form of fI’.- - i --n - g  n - p 3~~ s canners  which nI -c- curre ’c i~~n - v  u’.,’-i ‘ - n- ’ ’ i  .c  , - : t  ) c’

to this c~-~ f t - - se systems are ad.ip ’ ive , l . a - n i.- a ~
-
~~

- -
~~

i - . - - ;  n-.~ 
-
~~~- -

of that t-, i1 - itred ~ cre
(3) , .-ir.d a-re capa~ ie cif p r - d - c r  in-cc c ‘ia - - - ‘ . c - , - n-

outputs.

Thus, u.- - f)y ir.~ n - p o t  n- arriur wcu ’c:Ld s -urn  tc ’ ~-e ~~d. ~~~i :e - i n - c~ -i - n - -  ~~ - -

for BT ai’ n- -cn - ’i rn - - cdrd s . It is recomuvner .d -d i-~~.at C c  3 - - - -

method in. f-:ture p L-un ’n - for apert-.ir~ can id ‘u tt er  S~~Sí4 r-s •

( 3) Rr-w~ , h.J. , “ k ’  — ‘~~~t Io r i  of Fl y ing  S 1- , 
~~ - i n c a -  r S’ -~- t  cr - n - , ” . 1 -

Augt~st l9~ 7.

LI.. ~~~~~~~ I___



n-pr ‘‘~‘ -

3.1 i n - - c - c  i n--n- - m i s

- n- - t t I ‘- n-n - ‘ m n - I c - -  c -s  - n - m ’  n - s m 
i-~~~ 

- i - -  - - — n - i  : -- - ~- —

t u b i - - r  i c i d i l :  r c - c c c r d i r g  P t : u r ,i qu u  a- m . d  t h - r n u c ’  ‘- ‘ r a - - .~ : n- n- i i t

cc -mn - l u - t i - - i c -  t u n - s  l r v  p r c c c c - s s  t i J m . d u n - i -  ‘ - n-t~ c - n - - a r  I’ I

thi s n - re- y in - - n - s work i c c  d c - m o n s t r , i t t -  t i e  ‘a - l c , m  - t n - a  :

of di g c t r n - - t i ’ cg e~~p cr ~da ic !e lIT -1 . i t .,a m n - i  ~~~~~~~~~~~~~ :1: ! n - m t n - n - I ”

t i c-  d i  g ‘. ( n - m i  donna jn  lia r p r  - n-n- i- I’ t a t  i c - r n  n -u i a’- n - c ’  ,, rug : - . I- - n - I n - i - -  r -

m orc -  , u - i . cr cc Iic d c I c - a :  i i  1 1 i’.y o f  - - t -  p n c n - ; ’ - i c e - _ ! - - - r on -  - 
-

s n - - s I c - n-c i a - c  n c-c -- ’ cr,-i~ -~~j ’d n - cJ n-~ ~- i i .g i a- n - - n - ,  ~~ n c ’ ’ - a r -  i - n-- g - a - n

(cccl e t im a te w I m ii - i - ir ’Iuc- cm F.c t 1 a~ ti r - n - i - -  c i ’ — n - n i -  n - ’ r , - i - c d

f c c r  m~ i-~ c - n-m c- -v ~~ r c a n - i t c r ’ a - h  Ic i c n s  t a - n -. -_ i~ , W m  c m  ~
-‘ ‘ n - -  - 

- 
- - n - c ~ 

- - -  i-

re- pc~ r I

The- p l c c t_ ’e- r ~-,‘stem will prol n-cc- b n - i l l c ’. d  ‘ c -r ’ d u - c g ’ c , i n i s  n- ‘- n ~n - u r .1

c u p e - r ’. n - r e  c a rds  w i ’ t  h o t t m  - i l og  ai:-ci -In ,,~~’ 
,~~~~~~~~, : ,  i_ ‘ —

the I a a , ‘ I  u system s r e - I a - i  ‘‘ c- - -  s u n ’ -- i u a I , 
- - r - - - ‘  -

re I - c i - .  c- d - j c -  t o  N c- ~~~~ t i :~~, i v ’ - - - u s e -  - c  d i n - c  ‘ - m  c - u n- r . i  ‘ - 1 ‘_~ i n - F .

a co m. — c . - r ’~’ c m t I v c -  iuIt n-~~~ 11 i r a - I  lc- -~ Jg F - i .1 i -  — j i m a - n i .  i n - . - . :  ‘ .

p r u - n-~~i-  ‘- in g m e t  I - - m. I ’  m r i- a r - - - c - n- i- - i ’ -  - - - - C i ‘ - m - -

in! ?-~~c~ s~~~’em , a — n - ‘~
- in-- ‘ c~ r - h c g v  .~~ ‘‘ I ; ‘a r . — r ’ q ‘ d ’ ’ sn -~

w e l l  w i N i r  • i i,~ s t a - t i - -  c i f  t i c i- J n - t r I -~ n-~ ~m r r ~~.

Ad -n l i ’ i n r n - m i  i n - c p a - F .  il ; ’ ce - c of he sv’,- n - c - ” ma-i k e~ ~- ‘ — ~~o ’ ’’ - I  ( r , c mi~

,1 
-
~~



I i  i Ii i 1 I - - ii - - u cmi  - i -  m u i - - - i i  - - c c - , - - m m m i  I -c n- - i  - m u  I i  - a - ‘ I - I n - u  - I - ’ I

- m - - m - - - i I I i n - - - I tn - i i t  - - - im n - i m -- - m ;u . - - - i ’ - I I c .  - I j c mn - n- - -

A ~1 i i a - - c t  u t  i t  n - c  - w i t h  - — - I -  n— n - t i n ’  I mi - c  cm c . u n ’ c c i m i u . i  i — n  n - i — i — ’

- n - n c  I I 1 m v, n ‘ n : i i i  i n - l i .  0 . - ’ i i - -  n- c — -r ’ m~ — I i u 1 i - -

I n  - - I , -m d c - i — n -  . - - c c i - - - - I - - - - I I c .  c . I mm i - - - c- I - -c (I - I. , j t   - n - - -

n - - c  - - - i a -  u - I  u - i - - c c - n - - i ,  m l ! ’  , m , n  i t  ‘ - I c - - o l d  m i - u - l u  .u - n - f

m i - n - n - I l ,  I i  i i !  I i i  i c - u - i — u I I -  - I , ‘ n - -~~, m i  m m ,  m i - ! i !  u - - c u — . .

I • -
- i n -  - - i n - i  n- n - t i m  m - - I - -

M n -- n n -  c -  I v u -  - i  i c - i - - a r - - c m : - - n - i c  f _ i l l  u - ’ m m n - u l - - t u u - I V  n - n -  - i - - c - - - I - - :-—

n -  i i  c c i ’ i m l - .I P t h i ~~~~i i  t i c  I -  a - i c - i  p r - i l  i i  c u - I , - c r i - - r  t i c  c- n - n - u n - , i , t n - - r  i i i — ’

i , ’ - I m m  — t i u’ il , I I I n  - - n - \ ’  - - n , .  I ,i - c - u in - I m ~

i f )  l’ u n - ’l’n- u t ,  i

A l t  h u i u l i g h i  f l u ’  ‘- n - - i  ~- ‘ i  - r - l ’ I - -tc c n n -  ir  a u n t  i t  li - n - u t i’d , c - n - - n n n u -  I c-n , t I i c g

c i t  I - l u m l  n - t n - ’ -  I— X I  - - ~s’ i l I  I c - -  i~i ( t l u I i . n - i  I - ’  ‘ -- - t , -’i l c l i - - f i

I t u i . ,  1 I ,n- I - ‘  I -  m m l i i - - , -  l i m i t  c m - u  I l i -  r u - c i t c h c r i u n - n i t

c- I r e - m i lt u --

( -
- i , ,  — i ‘ h i  u i n - ’~ l i i i ,  I

i c c i  - n - - i c c ,  - - I i I I I u i i  i t  c — - m ii I - - - c i m I I u - 1 u . m l ‘- - I I -- i - m c

l i i i - - - — .1  i n - - n t I ~u u i  s h u m i - i  li - I b . n u n - i -  I .  - I c-f cm I l i i -  n -r o b  I c- rn— ; c - i

p i c  - - - - n - m m  - - 
, I - u mc ! c n - , m t i i l  f I - _ I l i r u - cc u - i mc I m 1  - ,I t o  p m ‘ I n  i c e -  t i m ,  - . i-

I I  - n - n - . i m m - t i n - m i n t  z t  ‘n- - .

- :~ ‘~~~~~ 
---

~~~~~~~

-

~~~~~~~~~~~~~~~~~~~~



I )  I m : n . - n - n -  c - u - - I  I d ,  I i ’ M

i n ~ n - _ m i  ~u u - i c . - a ’ ’  . - ‘ -  n - u  n J  i n - ,  _ n -  _ ‘ . -

i. - - - - i I ~
- - i -~ c ~‘ - i i  - 

- - - 
i- i n -  u : ~, - m m , :  - 

- c -l i  - i ‘c-

c. n- m a - -  u - I  . - t’ ‘- u u i , - : i - 
- 

‘ - c c ’ - - - i — -n- - - i  w ;-u  1 d

r u - s - m i t  i n  c l r . m ’ n i a - _ M  i c , :  i , ’ . - - - -  1 n - - m u - ~~i . c - - i  : i t c - - ’Iut- to

t i l t  l a - i a - c  u- ~ inb er  o t  I , m n m - i - -, ‘, c ~ .-i n - n - c  ‘ 5

(4 )  F i lm  -, ; i I ; I 1 I I V

t n- u, . d r y  si  lv i - -  r I j i m  - c  —c d - c c ,  ‘ - s : : I s m~ u ‘c I nc- —

l a - l i v e l y  new , ,m ru ’i, a 1t ’ , n - n~~-a- n- : (‘c’ ‘m c , u n : n - i t c h .  - .i n i - -c  c l a i m s

‘ c - m r  n c r ’ . l u i v n i l q i i a i i v , n - c -  f t - c  ‘.: i t  r I ’ n- c r  u : v t - S t i —

g a - t i c - u - - c  s ht c u l d  5 i -  i n - m W ,  c:lt . ’ n - t n - n -~~ ~~t ’ s’ n - t  t I n- f i l m  - u n d e r

; m n t i c i p a t - - d  n - t c i i ’ , m g t -  n - c c ’ . n - h t t i - ” c

( 1)  A d di  I - n ,j i , - , m ~ - n -. j~ n- c

i - r u i c r  t o  -cl u - h i t -  I n -un - n - n .e I- -— c c - —n’ ,~~I u  i- n - Mn - u:

p o -. --n- J - i i i t ,v o t  i r i c - r ’ - i u . ~ w i t t m , , r ’ , , - r i a - - i t  ‘ i i - - ’ n - t i - - sh i c .u u ld

h i - -  i ,’ i  -, i d c - r t - n - i  i n - -I c m I - - a n , ’ M I - w i ‘ n- -’ U i

dc- -u i n -u: . !i: o r c l i -r  - ‘ I i -  i i i  - - , n- c c ’ n - m  i-~~ i f r  - —~~ - I I P - i--

cx pc~ n ’dc --I  n I d c -n  i i  lv an d  i i  - l i i i  -‘ - ,,c- - - z n - 1 - - i- i n  t i - - n —

t n -i - i - - , a r c h  t o  d e - t c ’r u u c~~- m n - -  t ’o t i . ~c~c ’ , :n - :c’ a . t a’ I i - i n - c- - - n i u i r

f e - ; c s i b j  i n - t v  - i f  ~ 1 e - n - i -  , i d d t d  f c - : t t n r i - — . n - l i  c m .  e f f o r t

We ’ - 11  Ia -’ vc-r -i  r - - w m r - - n J f m , g n - f  ~~ a c - n - - i n - I- a e n - n - n - c t ‘ “ - i i i

t i me  ic - n - ~ - - n i I i ~g rn o cl i  I i - n - c a - t i n ’ :  cc -nd r e t  I’ r n - c i a - r n - u r n  n - m t  in -cc-ni ’

lat e r ‘ha -t i ’ ,

t ~~. - 
.
~~~~
_ - -  - _ _ _ _ _ _ _ _ _ _ _

~

_ - .  
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A 
- n -

P ’~~~~~~~~~ a- I i m z c -  Mc ’I ’  - id—n -

~ i c - c u -  t t c-n- - C ; ‘c v i - -  I- -n- i - - n ’  s i d e ~ u - I : - a- — • : i i - - - - — -  ‘ - ‘fl - c-i r —

n o m i r n m i , u - c n - s : - l u - r a - t i ’ c i ’  a . ._ I- c c  ~~i c - - - c  - -  ru- - I - . - : i - r -  r l . m 1c - - c - l y

s i m p le- d i g i t i ” ~c m t i o ” u  m e n - F . t  u i j - _ I ’ - - — u  , , , r c , ,I ,_ i n c  ,n- u , c r  — ‘ I ,  r c- d

w i t m : r e s p e c t  ~u i t h e - j r  c- ff ,- - t  a-’ c - c  ~~-. t n- ‘ i ” ~~ m~ ‘ ‘ i- ( - ‘ n m —

p a r i t ’ n - - r  i n n - i t . t o  u c n - i- c r  word s , N - -  ~~i - - r  n - c a k r n - ’ c- ’ c t  th e-

di gi tize- r - a’, bc -c ’- - - I i - r t - rnu iru ’d inc c a n -, c , u  - c -  -

(a) (ucu n t c - r ~
-
~~‘ 

i • I c -cl

U i -  of t I — i - -  s i r n t - : i - - —- m  ~h i n - i ’ i ’ - : r -- u l i ’ - - — a c u - J u t - - n

to I r i v e -  t h e- d i g i ~~- m I l v  c c : r c u .d - - f  r t - n - i ’- ’- ’r in such a

rn annc - r m n —  t o  - r i - - u t ’ -  a r , ” , F i n ’ , ‘ I ’ -  - I cc- n - t m. — i c-n-Ic r

inc reases Ii n -c- -i c - il — w i t ’  I “- - :1 c ‘ -. ,~r~1- ire -s with

the therm istu r r u n - i s ’ a - - . i i  cc ’- n- - - r ,  r i n -  t m u ,r stopped ,

and tin - c, resuu ,lt c- c g numhr’r ‘n- p . c - ’ , J ‘r ‘:  c n - c c  in icr is a

di gital e - q ’ u i v a l e n - t  u f  t . c  t I - c n - n - r n i i - - - n - ’ r r~~n - : — ’ a n - :e.

‘fl e- sam; ic — t tmc- - t i m e r :  f c - u - ru c ;cor F. i a - n  a - i  ‘a- t h e  coun t ,

m u , arc-I i t r e q u i r e s  u- cl-m ’M< t . t ~~c’~ Ic -  r u - m M -  t h e  ba l ance

c c c p l j t j o f l .  Th e’ w a r n - i  c m — i -  - n”: - u  ( j u n e  cci . j r -  when  a

f - , l l  con -an t o f  I , fl~~. I —  - i - - c  “ I m c i .  Ma~~~r n . m m  s e t t l i ng

t i m e  j c  e~~t j r n a r e d  as t cc l m w -’:

‘- c t .  u , i~~~h i : ~~~~~i”i~ m~ j msec .
c c ) ,  - i  i - n
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t ’)  I t m - k ~~~’ n - ’ ’ , . u u c c  
_ - n -~~~ !

I _ m i s  tm ‘. . c i i ~~~t ; , u - n - c ’, n- mc, - n ’ ’ ; ’ - : m c ’, : c n - c I  vi m-re - in

I n . ‘, n - t ’ M. i n - ’~-c’ n- u - u y  ~ n-- u n - - n - c-~~ - j
’ 

- - i - n - n -  i - • - :  I i ’: c - n - c t  reset

a t  ‘ - t ’ i ~‘ , n - n a -  ‘: .m - - c  ,, - u - , ’ n- - c -  , in -c ‘ I i i  simp le

u ; c - ’n - i u n - t u  r ‘: ic- ~~
- , - - u I ,  -‘ t n -  ‘ ‘  c-id - I - -  ‘ u n - i c ’ ,  c t cuf l t

and t ; . c ’r ,  ,, ‘ i m , t  s uc ~ - c - n -’ m ’ c ’ n- ~s r~ -c p ~~. r- I a;  -. ;ic h con—

c-’c- rSi e- un - t i m c n i - -  fl n - — , ‘~~a nP u Y l c : m i ” c  n - u n - : ’ ’ ’  n c i t  co-a - i- i ts  is

a functin - c-’ t’I Il- c g r - vi cu c~~~, c - c - . n - ’ cit i n-- n- i - n  how

far ire para-r1c-~ i-- n I’ , n-n- i - h i  ted t i c - n- c - i n - i .  e n - ’: v er s i o n  to

t he n e x t .  At , t I - c -  e n - a l d  i - c  n - c t  c i —  , u n :  r r u ~~ .ur e scal e

where ~he w o r -~t a se t ” c i. -’- I - a m  n- / r -  n - i - ’ c - - n - c - ra t e

exis ts (510 ohms ,- n- I”) mc- mu ’,- i-c.i I - , u c l a - c - c  n - ’ n - c  w - n -’ rst

cas e b i t  r a t e  o~ c n- n - u r g c

_5lO ohrnsj~~~~, _  = m~~ . i- i n -  a- i—; ~ :~ 35 b i t s / ° F
1 4 . 7 5  oh m / m i t

With a grad~ i- at c-f 1°F/i- u n-~
’ . n - h - - a - - m i t  i i i - - - hit , rate

of change is 35 hi~~s/ n - - c i  . ~n-’ , i w  i i  ~a mp 1 c s a r e  taken

twice pe r sec ond , the na>c I.nnj’n r,- n -r nt -c-r - c f  hits accumu-

la ted betwee n sampl e s is 3’: n - i~~s ,/ ,tc .‘ . or about 18

bi t s ~ccr c c-m Is). M a x i m u i ~ia~ ~e t t ~~1c~~ t n - n e  Is then

0. 1 s~j n.~’iu- Ic — 
“ . i ms cc.

18 cun -iur .ts

(c) Successive ApDroxi’u’a t li-n - l’m e I- ’- .oi

Thi s me thod resui :s in a con ,~t n - i u r I truu P . i t i m e , but it

requires somewha t more circuitry tt- u a n - co u m -n - t ing methods.
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‘- - - n i u - t  ~mc s t c - m ’ ’ um- - J  ,‘ t n- I ‘ .m k u- ’’ t I ‘ c - c  i n - n-cd operates

- i ’ - di - - - r u n- - i- ’ I i n - i ’  i n -  -

I u u — n - n - - L I en- ‘u l u u  , I ,, c n - , n- u u t u n t I - ‘— - — n---- cc - n- c r la ces

- n - n - m i t  c u t  t i - -  t- - ’ .~ 1 , ‘ u u - -, ’ ’ i u  u - c - i - c - c ’ -c i”  t n - ’ b r i d ge

i r c, u u m t .  ii ’t c- c - c ’  a - r i  c c - I  di  ‘ n - r m nm : m . ~ — ‘,~~. - r ’~ n tn - his is

,~r c -a t er  or It s’, t n - - n - m i  I I  - r h - c  m r  - s t  - n- n- -n - i ra”ce . If

g r ea t e r , t i n - c  m o s t  n-- .g n - i i i c  u rn - I -~~~~ r - c c c u ! u c - n n -  s e t .  If

l - s s , i t  is  ri - si- t , c d , i :  , ‘ i n i ~~~r c a n - c , t i ’  i n - e x t

mos t  si g r n - i f t n - - i u - c -  F . c j ;  i n - n -  — :  i , c i r a -  -
. -~— f  r h e  t o t a l

r e s i s t a n c e -  i i i  t I - c -  n-. r ~~I ge . I - c -  pr o ’ c - - - i -n  r epea ted

th r o ug~- c - r e  i c c a s t  ~- i g : i f i -  a r t  h — i ’  t, 1, l ’ _c of  t o t a l

r e s i s tan c e ) .  rk ,. -n - . a l ’ c’w iiug ‘ c - r i- . n- ’ c ’n - k  c — t r i e d  to

i n i t i a l i z e  t in -c c i —  : i ~~t r - -- . t~ue t u r i n - a l  r- ’ lm t er  of c lock

p e r i o d s  r equ :r ed  r i - r  L ’ ’ \ i - , n i - i n - cr is  c ” q c - a l  i - c t he

r ,umber of b L t s  ;‘i u s  ou e .  For n-c 1r b i t  d i g it i z e r

11 c lock  p e r i c - — 1 -- d r c -  r n - a - u n r i - i . Ic-c-c m a x i m i n i  c lock

period (wh ic in- is eq i c - n - i~~u - n  F. to i-c t t : - . i u g  t in’e ) may

t hem; be ca1c~~1 at c c -l ae f a L - i w s :

_~~~ 1 sen- time c-~, i  msec.
11 c l o ck p e r i o d s
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I - -

A - i }  \ )  j ‘
~

‘Rl ~1I c R ’ i R 1  1 I n - n - Ft I — 1 - - M n - I -

Ti h e- r i ’l i a b i l i , i c-- c - S c - i n - ia - I c -  ~: 1- - e-n , n - i - I’c n - I ! i  I - n - ’n ’-~ ‘‘ m c - , i r m . i smuch

n - is p c - s i - i b l e, l t d  the -  p n n - - u -~ - d - i r c - .~ u - n- ’ c - m u~ rJ i~~~i c,\n -~~ (1~ ’ ‘)3~~~0

‘ I {auidb ook f o r  t i e ’  I r e - d i e t  i n - ’ - n- ‘ n - f  ‘ n - i  ‘ n - ’ . u r l  - m i t .~ ‘ - c ’ r c 1- i c-un - i r on ic

E q u i pment  R e - l i a b i l i t y ” . Me t I ,~ , I  1 “ L q i u i p r n e ’u ’u t  or  - - ~r :u i t  Prediction

f r o m  Ave- rage  P a r t s  Fa i lu r c -  Rn - i ‘c - s  - 
- ‘  ( . c m i c ’o n i c  - ‘ (a il-ire rates not

t a b - i l a t e d  j u— NAV’n-~hI U’~ 938~f) ‘ , m v c  I . t en c-~~n - i n n a t c  d cr t a k e n  f rom

m a n u f a c t u r e r ’ s d a t a .  lIc e -  p a r t s  i n - n -n - I  r t ; c r i - n -, c m n ’ c-, a- he n-c- F. estimate

based on t h u c -  s c - s  tern des i gn n-c ,j n -  1 1 : - i  i-I in ti-is rc Our and on cx—

p er  ieu :c- c- ga ~n :c- d th r o n - g in - t i n  i -_ Fe-n-i’: 1h j  1 I - c- c t n - i . -
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,‘ -\ h t _ • 1

F RF _ 1M I N , A R Y  R 1’L LA i I I L I  f ’ ~ ~~r u u n-~ \ ” i

Q- i a ’i  r I~ v I- - i  i u rc - Failures Per
i’a r t  I v j ’t -  ~ si- ’d I~ , i t u  10~ Hours

Capacit n-c-r , F’ixed , Electrol ytic 12 .~~ . 29 .76
Capacitor , Fixed , Mica or Eqnu iv. 19 1 . 4’~ 8.74
Connectors 4 0.058 0.23
Diod e .16 L.98 77.48
Hardware , Electrical 50 0. -33 1.65
Hardware , Mecha n i c a l  1U - . n- 0.09 1 9.20
Bel t , Dr ive 63 .5~~ n- 127.12
Hea t ing Ele men t 1 5 .00 ’— ’~ 5.00
Inductor .1 0 . ~i8 0.56
Integrated Circuit lt~5 O .25ç— ) 46.25
Lamp , Incandescan t , Miniature 183 111 .0 ~~~~~ 1830.00
Motor , Blower  Ty pe .1 . 85 5.70
Motor , Incremen tal Type  1 .43 5.43
Power Supply, Dual Output , Solid State 1 ~5.0 ~4) 25.00
Relays Z.0.n- 24.36
Swi tches 5 O .—.8 2.40
Transis tors 45 l.bO 72.00
Transformer 2. 1.11’ 2.32
Resis tor , Fixed , Carbon 1 3 )  85.80
Resis tor , Fixed , Wirewou nd l ’.n- 1. -.0 14.00
Resis tor , Variable , Wirewound 4 0.84 3.36

S’,~mm at i o r  2 , 37 o. 36

M~ BF — io 6 = 42.1 P o n -~ r s
2,376.3€

(1) E.timated . No data available.
(2) Obtair .ed from man ufacturer.
(3) Aisuming MIL SID 24367-715-AS15 lamp operate d at 80’/~ rated voltage .
(4) Estimated at k tha t of similar vacuum tube LyDe.
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i’ um i - 1 _ c  r — c- i i i -  3

“ c~’Cn- n - f l t t  n- n- c c - n - I n -  i.tio n

DOCUMENT CONTROL DATA - R&D
- — . . — — . - . ,., ,, u . , . , - .  u . n - -  i.fl - , -. •. ,, . .‘- ,‘.d ~~~~~ ~‘ . - 

~‘ - A ’  ., - , & - ‘ - - ‘p, ..-.. - , . - u s , - - -   , .,, r c . - ’, - ,

m t  i - u n - i  i n- F I n - n -  t u , c m u i c n - ;  I n - n - , u 1~oy , m t  j u d O  
- 

I t i nn- l c m c : m ; i f i e d  
- —

O c e a nj i ’S D i c - ’ i s i n - u i  - 
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