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furni shed , ox- in any way supplied the said drawin’~.c , specifications , or other
data, is not to he regarded by impl ication or otherwise as in any manner licen-
sing the holder or any other person or corporation , or conveying any rights or
permission to manufacture , use, or sell any patented invention tha t ma] in any
wa~i be related thereto .

This report has been reviewed by the Information Office (01) and is releasable
to the National Technical Information Service (NTIS). At NTIS , it will be avail-
able to the general public, including foreign nations.

This technical report has been reviewed and is approved for publication .

- . .  RONALD L . RINCO , Chief
- .. _ r O , ~ t~ t •

:-: ~,
-
~~~

- - ~
- A; — c~~~A Refe rence  System s Branch

7 Reconnaissance & Wpn Del ivery  Div

F OR THE COMMANDER

“If your address has changed , if you wish to be removed from our ma i l i ng l ist,
or i f the addressee is no longer employed by your organiza tion please notify
AFAL / RWA ,W-PAFB , 011 45433 to help us maintain a current mailing list” .

Copies of thi s report should not be returned unless return is required by se-
curity considerations , contractual obl igations , or notice on a specific document.

- . - -  - — ------ ---.- . - 
- ~~ -- -



~t Cu R ’ ~ CL A S S I -F I C A T  ~N OF ‘ uS p a ; ~~ ‘ IO,~ n 1).?. l n I 0 ,~~J

REPORT DOC ’”E~TAT 1O~ PAGE R EA D  INSTRUC TIONS
vm i’ I ~ H EF ORE  CO M PL F T IN ( ,  FORM

Rf P 0  ~~~M R F R  ‘2 G~~~ T ACCESS ION NO. 3 P EC I P I E N T ~5 C A ’A L ~) I  N J M B E R

~
I •\  I .  ‘ 1 11— 77 1 :; ‘ - , \ n l u I n ( -  I

4 ‘~~~ .E end S I” ”. 5 T Y P E  QF REPORT ’. PERI~~D C O . E P F D

M IC 110 NA V IGA i’OU (M ICRON~ PHASE 2B t echn ical Repo rt — I ’ in a l ,
\ i lume I — I ( C h f l i (~t 1 ReI)OI ’t 5 Aug 1 ¶) 7~ th ru 2~ F’eh 1977

6 P E R F O R M I N G  O RG REPO R I~
(‘75—7~ 72 ( Il

A~ - . f lR  S C IDNTRA T QP G R A N~ ‘ U M B~~~~ s

.1os(’p h M .  M i l l e r , i t  ~l

P E R  I R M I N G - O R C , A N I Z A T I O N  NAM E AND A D D R E S S  ¶ 0 P R O G R A M  E L F .Y F N T  I ’ R Q ) F ( T  T 0 5 ,

- 
A R E A  A W O R K  ) N I T W J M B E  NS

Aut on ( ’t  ics G roup, Rockwell Internat iona l
:~~7u ~ ir a l onta  Avenu e P r )j  eel No . AI )P  (~(~~A
A flaht ’ii i t , Ci  Ii forn ia 92so :l

II . C O N T R O L LI N G  O F F I C E  NAME A N D  A D D R E S S  12 REPORT D A T E

‘i r Force  A v i o n i c s  L :II)O I’a 1OI’V A u g u s t  1977
All’ Force \\‘ r ig ht  A eronauticii l I .aborit tOU R S I ~ N U M B E R  OF P A G E S

W r ight—Pat ter son :~F’H , Ohio 15-133 AF’A L ‘I~W~ i~~ i~~A 311
4 M O N I T O R I N G  A G E N C Y  NA M E  A A D D R E S S ’ , f  di ff . - , ,nl  ~~~~ C ”  r , ,II~n~ O t f~~~ IS S E C U R I T Y  C L A S S .  ‘ of r?, i~ ,e o r - ,

Unclass i f ied
ISa , D E C L A S S I F I C A T IO N  DO*N~~RA D I N G

SC I4E DULE

~6 D I S T R I B U T I O N  S T A T E M E N T  (01 t ’ ,~~ Rap o r t )

:\ pproved for puhl i c  r e l ( a s v , l ) i -~t r ih u t i o n  Un l int i k~(I .

US D I ST R I B UT I O N  S T A T E M E N T  ‘ I  the a le r t -a l en te re d  In R i o - k  20 I f  d i l i e ,.nt (torn Report)

15 S U P P L E M E N T A R Y NOT ES

19 K E Y  W ORDS (Cont inue or, ten et - c e aide if nec.a,ary and t d er t? i f y  by hloc i ,  nornbt-Y )

Cost of Ownership MICRON
F ngin eer iflg Prototype MICRON Navigat ion Performance
Mass Unbalance Modulation St rapdown Inertial Navigator
Micro Electrostatic Gyro Standard Navigator
Micro Navigator Sure Start Gyro _____

20 A B S T R A C T  (ConhSn,.• on ,•veres aide If nec ess a ry  and Identify h~- block number)

The Micro Navigator (MICRON) is a Iow—cost,highly relIable , and moderat ely
accurate strapdown Inert ial navigator. The heart of the MICRON system is th e micro—
electrostatic gyro (M FSG), an instrument which Incorporates an al l—att i tude , whole—
angle r eadout fro m an electrostatically suspended rotor. Under previous Air  Force
cont racts two developmental navigation systems (N57A — l and N57A—2) were designed ,
fabricated , and flight tested. Two gyro subassemblies for developmental testing were
(ICS ignvd , fabricated , and Lntegr.~ted.

DD , 
~~~~~~~ 

1473 EDITION or I NOV 45 IS OBSOLETE

SE CURITY C L A S S I F I C A T I O N  OF THIS PAGE (Wh.n fl at. ?(nt. ,p,I

_______________________  —~~ - .- 
‘- -.~~ - ~~~~~~~— -- ., - —



S E C U R I T ’ . C L A S S I r I C A T I O N  OF THIS  PAGE (W b *, Dale Ent.r.d)

I 1S( IS V ( t~l II oh~ ed lye I ) f  t h e  \I I( R( IN I5ha Sc 2 U cont ract wa s  t o  (I ( ’sign , (k-velo p,
l : ih r i c a t e , 111( 1 intigr at i- t h e  1 ngi n ecr i ng  Protot ype M IC H( )N ( I •  PM) and i t s  associated
soitw a I ’ ( ~~flI I l i st  equ ipmen t .  The ~pe~ i lic obje ctives were to (I ( -VelO p a ~sl IC 11( )N
svst em r i - s u I t i n g  in Ii igh i- el iah i l  i t v , ease of rit a intenance , lOW ~I C ( i U iS it  ion cost , and
fllo de ra t e  pe r io l’!1i~tn ce , ~ifl ( I l)( ’ a potent ia I c and ida te  as the  inc rt Ia I navigation u n i t

1NU) or th e  i- — i h .

)fle I- PM was de~~igned , l a l )r i c a t  ( ( I , ~t sseIllI ) I ( ’( I , and m l  egrat ed. I h (  I PM
mi-el s t lu iu-rlo rmance  ret j u l  rem ent s of t h e  Ph:I s~’ 2B contract  an(I t he  I — I 6 packaging
envelo pe i’e (j u I r& f l ) & I i I  5. S})al’es Were  l ab r i cat  (‘(1 iinel t ( ’St  ( ‘( I to support m a  I nht nance-
III the 1 I’M . h t ~~l F(j u ipmefl t  , SV St et i i  soit wa  Fe , and te st  s ta t  ion so f t w a r e  were
tievelI )p ( -d ant i  V t - F l i I t - ( I .

Sy s t em ana ly ses , s tud ies , and I ratleoffs were made which  resulted in
I mprove (I accu rac~- , rd t a b i l i t v , producib i l  i t v , and ii i t ~ cycle cos ts .  1)esign spe€ i i i —
(‘~lt ions w eve PrePa re-ti and ma m t  a m ed.

Integra l  ion t e s t i n g  was  conducted to establish s stem c o m p a t i b i l i t y  and
operability. ~ e vcnteen naviga t ion  per formance-  runs , including two (Ient onst  ra t ion
~ Uf l 5 , wer e madi - dur ing integral  ion testing.  Position and velocit e- rror s we F e well
w i t h i n  (approx imate ly  one—hall) the contract r equ i remen t .

AC CF SCk~S I I

‘
-I .

f)I)C ‘ . 
-

U” -, ‘ II - 1 ’

BY

~~~~ 
‘~ , : .  I :  ‘

~ I

S E C U R I T y  C L A S S I r I C A T I ON or THIS PAGE(Whe n Data I’,’l*,sdI

______________________ — ~~ —-



FOREWORD

t h i s  report w a s  j ) rc - j ) a l e( l u n d e - t  A l t  F o r c e  Co n t ra c t  I - :~: ; ,  I 5 — 7 5 — C — 1 : ; o l , I’ t - oj i - c - i
NI~~. A 1 ) l ’  i - A  a n t i  covers  wur L  p e - r t o r m u ( - ( l  1) t l i t  Aulonel ics  Group of 1(ocLs~ t l 1
I n t e r na t i ona l , :;~7n d I r a l o tna  A \ t - n u e , A n a h e i m , Ca 92~ u:~, lot- liu- A i r  1- orce A v i o n i c s
L: I I I I ) r a t orV , \ V i - i g h t — P a t t e r s o n  - \ i r  I- ’ot ~~t - Uas t , Ohio .  i’his final r epor t  cons i s t s  ol tw t

I l l u m e -s of w h i c h  t h i s  is \ ‘ o l u m v  1. The t i 11( 5 of th e- v o l u m e s  are :

\ olu tfle - I I~ -chn i  c-al R ept i  r

\ n l u m i -  11 A ppendices

I h e  purpose  of the M IC R( )N Pita se 2U con t rac t  wits to ( 1( 5 igli, ( i C V ( lOp, h t l ) r i ca  te ,
and i n tegra  R - th e - F n g i r ee r i n g  Prototype M IC Rt iN ( 1- PM) anti i t S  assoc iated so ft w a re
and t ( -s  I t ’(~U ipr1 t (  -n I .  Fh t  M I(’ 1(1 )N is a low cos 1, highly  reliabl e- , modera tely acc-u ra te
m e  i - ti al na~ i~ :t lion SV S t e n t  w h i t - h  u t i l i z e s  eli-ciros La t ic gyroscopes (1- SU)

Hi i s  ~~~~~gr: t in W a s  coneluc- ted f rom 5 A u g u s t  1975 t h r o u g h 25 F’ -brua ry 1977. I t
~~ is d i r t - c -  ( ( c i  Iw h i M IC R( )N Progra nt M anage r , -i . A. Schwa rz ; the M IC R( )N A s~~i s l a n t
I’ I - I cgr : I nfl ~il i mi ~ - 1 , .1 - I- . \l en,eI ; the F ngi n e - i -  r i n g  Manager , A . P. Truh:tn;  and tlu-
I’ ro~ i t t  I f l g if l i  I F , (~ . I .  Runy on.  ‘t h e -  cogni / an t  A i r  Fo rce -  1’ roj (-Cl Manag e -  rs on this

SI  - i i i  the ’  M IC H( IN p I -og) - :m in we Fe (‘ apta in \V. G . Peterson and Cap La in 11. 1- . -I anosko ,
A 1-~\ 1. R W A — i ~ ; A . The cont rac to r sub mi  tied the (Iralt of this  report  in May 1977 . t ’hI -

t o nI ra(- t ors  t i n : i  I suhm I h a l  elate- of t h i s  report was A ugust , 197 7.

I h e - p r inc ipa l  c -on t r i h u  tot -s to th i s  i- c-po rt we - i- - A. P. A n ( I r e w s  , T. I- ’ . B rashe i ,
I I  . I - .  Bu m p ,  -1 . 1). (‘ou i- t i e r , K . - i . G ih son , 1- . -1 . GuI de , F. H. H a ll , 1). \V. I lolmes ,
K . N . -J in , U . I- . -j Ohns I fl , .1 - -i u r i so n , .1 . F. Nl inchuch , a nd .1 . ‘sl . M i l l e r .

5 re port  has  l) ( ’t fl a s s i gn e- ( I  I h i-  m It- i -na I Rockwell  Control  N u m b e r , (‘ 75— 7 s7 ‘ 201.
All  c o r n - I spornk-nce i- c-Ia t ing  to th i s  docum i -n  t should re - i c - r i - n ec  th i s  nu mhe ’r.
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SECTION I

INTRODUC TION AND SUMMARY

1. 1 IX ‘Ffl ( ) l )1 - ( ‘ I ’l (  )N

‘ h u e  o l ij  ct - I  h e  of th e -  M I ( ‘RON I ‘ha se I l l  contract  was to ( ieVe l oj) t he  l- ng ineer ing

I ‘rett otvpt’  M I ( ’R( IN ( F  I ~ I ) an t i  itS as sociat eti ci eel r oni cs , software, ant i  test  equipm ent.

I lic sp e c i f i c  olt ;ec’t iv es  were to (ievel op a ~el I ( ’R (  IN sy em resu l t ing  in h igh  r e l i a b i l i t y ,

(~~I ~ e of m a i n t e nan c e ,  low ac q u i si t i o n  cost , and iii ot l e r a t c  performanc e, antI be a

potential  - a n t iu i a t e  as t h e  iner t i a l  n a v i g a t i o n  u n i t  ( I N I ’ )  for the  i- — i t ; .

‘1 1w \l ICH ( IN Phase I B 1- PM consists of an I N I ’  ; an Inert ial  Na v iga t ion  f lat tery

I ’ n i t  ( I N  I t t ’ ), which is a mount for the  INU ; a f la t tery I’n i t  ( 1W) ;  a Cont ro l /Nav iga t ion

Panel (( ‘N P), w h i c h  provides the  pr im a rv op cr a to r—t o— M I CJ t (  IN i n te r f ace ;  and a System

‘l est Sta t i on  I S I S ) ,  w h i c h  pr ovides  a secondary opera t or—to— M ICI U )N interface.  ‘l’he

lxi ’  consist s of the  Mechanical  Housing U ni t  ( M h h f l ,  the Systems Electronics Unit

~Sl - :U) ,  t h e  I ) ct i i ca t cd  Processor I’ n i t  ( I )  Pt ’ ), the  Input / (  )u tput  U n i t  ( IoU), the Instrument
As sembly Unit ( l.\U), and the Power Supply i’nit ( PSU) .

I ’he M l C I t ( ) N  IN U features  two Micro  l-lectro stat ic  Gyros ( M I - SGs) and three
I- :lectromagnetic Ac-celerometers ( I - M , -~ s) wi th  associated electronics operating in a
strapdown mod -. When the t1 I- 5G attitude data and the l- M -\ delta ve loc i ty  data are

processed by the  DPi ’ , the system will pro~’ide accurate position , velocity ,  acceler-
ation , a t t i tud e  nn ( l  other informat i on to be used for guidance, naviga t ion , weapon
t he l k-cry, c-a rgo del iver , reconnaissance, sen sor pointin g,  ant i  ra(ia r s t ab i l i za t i on .
Typical M I(’R( IN applications wi ll  include strategic cruise miss i les , interceptors ,
f igh te r— b ombers , t ran sport s, close a i r  support aircraft , helicopters , d rones , and
remot el y piloted vehicles.

i nder previous  Air  Force contracts , gyro d r i f t — r a t e  cal ibrat ion programs have

been developed and performance t (-sts of the gyro and its suspension and Ml ’ M pickoff
ci ect ron k-s have been performed . ‘l’wo developni ental navigation system s (N S 7 A— I ant I
X5 7 \— 2 ) were  designed , fal )r icat et i , an t i  f l ight  t cste(l . ‘i’~~) gyro sU l) a Sscn ll ) l iCs ( G SA )

~ crc des ignet i , fabricated , and integr:ited. One GS,\ was  used for M l- S( .-\ devel op—
fli ent t (-sting and one was used for -1—pi ate gyro  and electronics development.

I ‘nu Icr I lie Phase 2 It contract , the  fol lowing task s were perform e’ I:

1. P r ime  Miss ion  Product — I X U , INB I ’ , (‘N I’ , Software,  Integr a t io n

2. Test and Evaluat ion

3. Support h a rdware

-I. IF 1-’light Test (N one sl.lvei f i e t l )

5. Systeni Management

t ; .  I ) at a

This report is arranged according to tasks.

___________________________ - - - — -— - . —~~~~ - 
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1.1

1.2 .  1 I ’ i’o~ ram Sun i ma  i- v

I ’ i i as - I I I  cont ract  i t ’ t i v l l i c s ( ‘oil) i l len ( ’ e(i Ofi \ ug i i s t  1975. 1PM int egral ion
l i s t i n g  I u - ~ :tn in - , i ’ l~’ - l u ne 197 1; . l)emo n s t r ;t t i o n  na\’ i gal ion r un-~ \ v t - r e  conducted in
l ) ’ e ’ emhei’  197 ’ . i) i r u ’ c t i o n  ~\ ‘:is i’u ’ce k ed  in :1 i i )  I’ t - i n - t i a r v  1977 m ( - ( - t i n g  at \~-‘PA 1- It
~ ~ ro e- c - c - t i  ii (‘( u o-t Ia nc ( ‘  w i t h  :i r e -v i s e d ct)nt  r:ict stat eme’nt of \V () i’k . ‘I’ h - ont m e t

re t 1u i i ’ e - n o - n t  5 r ’ I l t - c t e ( i  in t h i s  report ha\ ’( - h ) e ( n changed to re flec t t h e  i- c - v ised
s t : i t  t - j i i , - f i t  of ~v or L  ;t S ( i o e u i l l u f i t  c t  I in A u t o n e t  ic’s 1( 11 c r  77A Ni 9(( 52 (k I t ed  11 Ma i’c-i’i 1977.

1 . 2 . 2  l i i g~i 1~g~it~ and Con cIus ion ~

A st i ’aptio ~~n nav iga t ion sv s tt - m  ~va~ t i t - s i g nt- d , I ’ah ri c - at t -d , a nd t e s t e d  w h i c h
- ( I  I h - n av iga t ion  p c - r i o  i’ ma n( ’( i’eqU i I’e ment  5 of I hc- Phase 2 1 cont i-ac- i and the

I’ — 1’ pac kaL~ i liLY, e n ve lope- i’e-qu i r -ment  s . Two t h e m o n s t  rat ion na~’ igat ion runs ~Vt- me

~ 
- r i o t -rn  eel in acco r(i :i nec w i t h  the  t’ont ract  xvii ich v t -m i  l ied t h e ’  svs l  e m  met the

j~ 
-r io 1-m an ee- rt -qu li- c-n it- nt s . Ad eh i t  iona 1 na\ ’igat ion p er io i ’rnanc t ’  runs  were made

w ii ieli a lso t ie ’n i on s t  ra t ( -d  (‘ I- ’ P rat e- an t i  \ ‘(‘Ioc- it V e r ro r  ~ve l l  w i t h i n  t he  cont ract requi r e —
m t - n t s . The (‘ I- ’ I > ‘r r t ) I ’  i - at e  and vt -b c it~ (-i’ror for 17 n a v i g a t i o n  runs  ( l ( ’mo n st l - a t ( - ( l
act cia I e - t ’ i’o rs of a 1)0(11 t i ne —ha l  F the a! lo~vable e- i’roi’ s.

1 . 2 .3  ~u mi i i a i ’ y  by ~ta eme-nt ol \Voi’k ’1 a~ k

U nd -r l a s k  I , Pi ’ irn e  M i s s i o n  Product , th e -  \I IC HON Sy s t e m  Speci ca ion ~-as
pre-P a red an ( i  su l lm it t ed  in Novc mhe-  i- I 97~ is (‘ I )H I ,  I t e -m A l to s . ‘I he F PM INE ’ CI
I ) c-v c ’lopment 

~~~~~ ilk-at ion 
an (l the I ) P t ’  C I l ) t ’~- e 1opment Spec iuic at ion we me a lso p 1- c-

pa m u t i  and subm it t  t-d in November 1975 as (‘1) 111 I t em s  1007 and A00t , respec tively
I n a ( i ( I  it ion , nine- d c - t a i l  ( ic -sign sp e-c- i l ic -a t i ons  ‘Vt -re prepared and main ta ine d I’o r
api) l ’oI)F ial c s t i i te ’Ie tiit  nt s of t h e  K PM I NI 

-

I N U e - Fi~() r ana lv s i s  ant i  u -  r ro r bud ge-I a c t i v i t  i t-s  ~ -ere pe i-fo r med to pi’c- t ii c t t he
p c - r io  i ’I i i an - - c’ha i-act c - r i  stic- 5 of the  i- PM anti  to allocate s u b s y s tem  errol ’  bud gels.
The em roi- ana ly s i s  program (SA\ l  US ) was niodi lied to agree w i t h  th e -  I- PM desi gn.
The onl v f l e w  p e r form a n c e  requ i i’ -ment  tha t  was d i f f i c u l t  to ni t -ct  was  the  pea k
e n s e m b l e -  tan s v - lo c i t v  errol’. ‘I h i s  r equ i remen t  was met by imp l e - me-n t in g  a rotat ing
in st  i-u me-n t  c lu s t e  i- wh k’ h ~va s the  nios I cost ( l f t ’c t  ive and least  schedule pe rtu 1-bing
means  of meeting t h e- ~a-loc it~ aced t’a~- r ee~u r(n)(flt.

I )u i’ing t h e  design pha se , I r:uleolf siudi (‘5 we I’e coflduct e(I to dete i’m m c ’  the
low ( - S t  ( ‘t ) s t  and i t i o s t  ia - i  i ab i ( -  I~ PM c -on f i gurat ion. Th e- t’m al ana I s t-s , si mess a n a l y s e s ,
and mass  l) l’oI)e i1  it-s a n a ly s e s  we re pe rio mmcd. ‘I he design and dc-ve lopnient t) f the
I N I  - un cle - rwe-nt m a j o r  change’s f rom ti le- ~fl i t i a l ly  proposed -~v st  em lfl order to reilt-c- t
t h e  1 — i  ( u n i q u e -  r ( -qU i ren i en t s .  In pa rt ic-ula r , the I- — I t ;  sy s t e m  package size- resul ted
in :t t o t a l  re -pa r t i t  iOfl i ng of t he  svs t  u r n .  The requi ia-ment tom 115 v -lOt ) Ii- ,’. p r i m a  t-y
po’~ u - i  ant i  2s vdc backup retlu I red power supp lic ’s to h e-  comp le te ly  i’edesignc-d. In
Yt ( kl i  I U)fl (C ) I i I e - s ( -  ( n i t  ial change~ , :us noted in the- above- pa ragraph , rotation of t h e-
Ill - w u s subs et i dlc -f l t  Iv  i mp l e inent c-ti to ac’h u Vu t h e  ve loc i ty  accuracy  requ i i’c’tiient s.

‘I’h - M I I I  - chass is , M l it , L-’. I ~, and 1N 1’ elect monies were- ti (-5 igned and
lab i ’icated un ( l c -  t h i s  task.  ‘l’hi r l v — o n  - di ff -i’ ent h ybr ids \Vt ’  i’c ’ (IC ’S igneci an ( i  a total
of I :~s hyb rids, i f l (’  bud i n g pa Ia - s , w - ru lab ri eat ed, :is scm bled , and test ed. Sixteen 

-- ~~ -~~~~- - - - -- - - _ _



d i t  l i - r en t  ‘Ic- ’t I ’oni ( ’ i n o d u l u -  a s sc -n l l ) I  i t s  \ve - r& - t i t - s i g n e d  and a t o t a l  oi I of t i u t - ~-
: i s s e i i i l t l i  5 , in t ’ I t i t i i n ~ s l) ala ’S , \\ l e  l a l ) l i c a t ( - ( l , is s ( ’ l l l h l ( - e l , ant i I c - s t e e l . A l l  hy b r i d s

I ~I c c l  conic ’ 1)1(0 lul es  we ta - I unct  iona I lv and st Ia - c -n  i t - s t u d  per I- S\VA e i o eu in t - n t  at ion
m d  :ll suc’ea-ssiul iv i i i -f t i - s t  ia 

~~~~~ I me- r io -n t s tb r’ive ’t l  1 rot ii t in ’ t i e - t a i l  design
5h )( t ’ i i  iC~l t IO f l S .

\ t o t a l  Of S i X  M l  SG’s ( i n c l u d i n g  (Ou t’ spa t- e s )  w ere :u ss ( - n l I ) l ee i  and i c -s i c -e l  le ) r
th e  1- ’ PM . In ~u h d i t  ion , Pha sc 2,\ in s t  i - t t n i e - n t ~ \~a -r e- up gra eie-ul  I C ) h i t ’  I’ PM e’ein f igi i  m a—

ion.  Mi SG Phase  I h t  m e t  i v i t  i c -s  include d the -  eb ’v e -I op ni en l  ol t i n - na t - ro\~ groove
c - m v  i t v , sma l l  gap gyro , su i t  - s t a i i  gv i’ o , fast i-c-a ct ie)fl roto I’ , iiioi 01’ ui e vu- lo p i n en t
and he -at  em in ( ’e) I -p oi’aI i o u .  I” ahi - ic a t ion ~ M I- SG’ 5 , moto i ’s , a nti ca~’it k-s to support
su e - u iou i— sou  re - c - and non—ek-s i  ruct ible i’oto i- and c’avitv e f f o r t s  was  also accompl i sh ed
un d -r  t i i i s  t a s k .

S ix  FM ~
-\ ‘  s tinclu ding t h r i - - spa l u ’ s )  we ’ I’ e - a ssenibletl and i c - s t e - e l  for the ’  I’ PM

In ac id ii o n , I \V () 1’ MI -nginee ’ring tt t ’V elOj )men l fl’lO(lelS we-re-  complet e-d and I’unc - t ion at
a j id pe t -to  I ’ll) ance ’  eva m a t  ion f e - s t  s we me- conducted.  1-’ MI deveiopm t n t  act iv i t t  (~s
a hi i t - S  su ’d l- ( - t l u c c - e i  cos ts , F ast  mt-act ion perle )  rmance , anti improve -el stability and
re c -a t a t )  i l i t  V

I - f l ( i (  -i ’ s I i i ) t : t  sk I . 2 , ii m h -ta i I tie-sig n spe c-if icat ion (or t h -  Inc ii ial Na~’ igat ion
l t a t t  t cv U n i t  ( IN  I t t ’  I was  h)re-pa reel. One’ IN lU , including the  Bait cry l’ nit  , was
155 ciii 1) 1 C-Cl.

I rul e r su i~la sL I . 3, the C 1)1’ ~1 emory Adapter  ~ as ( he 5 igflNi , labr ic at  c d ,
I S S  C - nil )le-e I , a ml ch t-c- ke-e l o ut . The C 1)1 ’ Me-mo my Adapter  provid es the  intei’ face I rout

t h e -  MI ( ’  Itt  t N coml)Ut ei’  to the ’ C I)U . N C ) mod i f i c a t i on  to ti lt- N 57-\ (‘1)1’ was required
( e u ’ i i  to i~~~- u - t  its fu nc-lion.

I - nt ie -  1 so I)t a sk I . -1 , 1 NE and Ic -si slat ion Se) l tWa i e  was dt-ve loped . T h -  IN U sof t—
wa ma - was ( i (  -s ign t- ( l  ae -c ou ia l ing  to t u e  rc -qU i re-n i c ’nts in the ’  IN U C I Spc ’cificat ion. IN U
progi-a m r( ’qu i r e ’ i i i t ’ f l I  5 %\‘ ( r ( ’ ( le ’fine ( I , cO(h e(i , checked out , antI vu rif ie ’d in s s t  c iii
m e g  mat  ion t e s t i n g .  ‘c n e w  ass - mh il  em and associated support soIt ~va re we- me d evelopc-o I ,

~- e - r i  F i t c h , a nt i ( ‘Oni I ) l ( - iVlV (locU rn -n te ’eI .  The I N E ’  sol twa rc’ is comple tely described in
Pa ma I . I . i , including I) Pt ’  me-mo my allocation antI sol ’tw a re c-xe-cut ion Ii iii ing d a t  a.
I )el a I I c -u i  flow cha i-i s of all lx i ’  program s arc pi- e-sented in A p p en d i c e s  U through L.

I hi r ing  ti -u-  course-  of Phase 2It , many eiiv - r se test  st a t  ion sot twa me P i’o~ rams
were ’  d e v e loped and I nip lenientc ’d in thc’ \1 IC It t  )N Lab II  P2100 compute’!- sy s t em.
‘i’h -sc progra ins  we mc - used in integration , ca l ib r a t i on , an(I (liagno s is o f  the ’  F PM
s -nsors , and t o m a icli ng IN I’ soltwa re develop mt -nt . ‘I’he var ious tasks  which  havc-
i) t ’( -n p e-rfo mmcd are oie-sc ribed in detail in Pa ra 2. -I. 2.

I ‘nc ie ’r sub task  1. 5, integration test ing was COfl ( iUCt t- ( i iou  es tabl ish C o m p a t i b i l i t y
ant i  op c-ra b i l i i  v of the lN l  - , IN I tU  , flU , (‘1)1’ , S’I S, an d SOt t Wai ’ t- . l h e  de ta i l  design

c i i i  c u t  i o) fl s  W e-  l~ - Upehi t c(I to re fleet change s made eiu r ing t he ’ te ’ st p rogl-a Iii. ‘i’ \Ve)
cl c-monst  rat ion na~’i~~ut ion runs i’equi re’(l by th t -  c-ont maci were-  pu i’iorm eel. ‘I he- I)osi I iofl
e - i ’ror C K P ra t e -  lo r t h e - s e -  t w o  runs was 0. 7 1 iirnph. This was w i t h  in th c -  I .  (1 nmph
a1bo~v~i hlv - i’ i o i ’ . A to ta l  of 17 navi gation performanc e i ’iin s Were made- ( lu r ing  intc ’ —
gmat  ion I t - s t i n g .  I- n se -mb le  position anti ve loci ty  errors  were well w i t h i n  ( approx i—
r n a t ( - I y  ofl ( ’—h al l )  the ’  cont ract requirement  anti  goals. This pe ’rf ornian c’ e’ is
sumui i i i - i i u -u i I)( -lOw .

_______ - S. ’ -— - - — - - ‘



(‘ ont ra e -I I’ PM I
l t ( ’ ( 1 d1  i r u - n i t - n t  ( ;~ i : m I P c - r i o ) r m n a  nc -u -

h ’ o s i t i n n  I’ i’i ’ e u I t i l t -  (‘ I -  P 11mp h )

1 st I lou i I . (I II . 0. :u ;
I t u t a l Hun 1. 5 1. I ) I) . U

I ’ i i t i u -  h t \ I S  \ ‘c - l o e i t ~’ I’ i’i’oi’ (1 ’ PS)

N r l ii ( ‘h a f ln ( - l  3. ( 1 2. 5 1.
h ’ : t — t  ( ‘ l t :mn ne l ~. 

0 2 . 5 1.

n u b - c  ‘i a s k  2 , ‘l e st and F~-a lu aI  ion , it - s t  p lans w ( - r ( -  prcpa r -d and su h m i t t t - u l
in .\ p i - i l  197u ; as (‘ I ) l t  I l I e - rn  A ( t i l l ) . ‘I’he- t c -s t  plans we ma - t h e- M IC Itt )N I’ PM In t e -gr a t  ion
‘I i  -~--t  Plan , t hu  M 1- SC ; ‘ I t - s i  P lan , and I l ie- :\ 77 M :‘cccele’t ’oiiU te r I i  st  P lan.  .\ i c - s t
plan to i  I PM lal)o l ’ at t ) r y  l u - s t i n g  was I )m c-pa re t i  and a par t ial sub n i  i t t u i l  m a u l t ’  in
I - u - h  i-cia cv 1 177 as (‘1)111 - I t c i i i  1001). Due- to t h e- r t -v i se - ( i  c-ont i-act s t a t e m e n t  of ~VOi’ k ,
t lie-  i- u - m a  in ing  P° i t  ion of Ii i  is ic - s t  plan ac t  iv i t  v w a s  st oppe-d . U~ t l t - i ’  t hi c ’  I ) e -vc-bop n ie-n ta l

l u - s t  s uI u ta  sk , a l l  p a r t s  i- -ce-ive d fro m the-  se’c-ond —sou t o - u - wc - re 1-va lu a te -e l .  (‘0 mpoflo.-nt
l e v e l  e v a l u a t i o n  sho wc-el  tha t  all pa mts we-r e  good b r  in st  rum m u t t  u s u ’  w l i i i  re gard to
5 i/ u ’ , roun d ne ss , so r lac- t - f i n i s h , and ge-nc -ral i n i c - g m ’ i t v .  ‘he o gyros we- re -  assc-mbled
t i s i  flg sc ’e - one i— sou re t- rotors ant i  c-avi t  it ’s. Pr c - fun et  tonal  i c - s t  s anti k u i ’  c -omplu ’t t -  sets
of ang l o ’  and cii’  l I t  cal ii ) i’at  10115 \Ve ’i’ e~ p c ’r fomme ’el on e ach of the- t We ) inst rum e-nt  s. Roth

ros s c ic t - i - s s t u I l y  fli t - i  t he -  r epc -a tab i l i iv  te st  i- equire -nie -n i  5 . 1’ oui ’ i’oioi’ s anti tw o)
c a v i t y  s c - i s  ~v u - i ’ e- r e c e i v e - e l  f rom CSIJI - in F e b r u a r y  1977. Assembly  of the - sc -  pa mt s
in to )  t h u  M 1- SU conf i gu t - a t  ion ~-as i n i t i a t e - u i  i)t it l ’ui’t he-i ’ a c t i v i t y  was Ic -mm inatc-d pet -
t h e -  U i - i  i c-v ised  st a t e -m e - n t  of work .

I - n u i e - r  Ta si~ 3, Support I ha r dwa rt - , a c -ou s t  - i f e - c t  ivc- tool lo t -  s o f t w a r e  dc-~’e- bo p—
m u - n i  a n h  ( - h u c - k o u t  ~va s c’ re- at u-u h h~- convc-rting h it- t-xisting \1 IC H( )N t c-st conso le - and
I) i ’0 ( ’u’ s s u ) i ’  I t u  a S u ) i  I \‘~ ai’ e - ‘l e st Stat ion. The- stat ion was comp le- li- ci in I) eee-niher  1 975
and te as su ( - c -u ’s s fu l  Iv us -d f o r  sol’tec’arc oiu- v e ’Iop rne nt .  Dc-sign , fabrication , anti
ch e ckout of all I l i t -  c l o d  ron ics t -st  -quipn icnt  for  hy bri d and M I ~I funct ional  and
se- i a -c -n  t e s t i n g  was suc eu-s s  iu l l ~’ e-onip lc-t ed .  i ) h ~I ‘ I c - s t  c- i iu i prnent  and s o f t w a  mc- ~v a s
du-ve-Io p ( -d  un e i u  - i - t h i s  Ia sL as ~vt - l l  as var ious  I t - s t  a ids  1.t-u ~u i me-d to sup i) Ort i n t o - g l ut ion.
\ (‘ I ~} - u - ( ’ í f i c a t  ion was  I) i’ (’P~t re el to e l ( t j f l e ’  t h e -  h- PM Sy ste m l ( - s I  St :it iofl ( S I  5) .

I ) - i gn on ei  lab i’ic-at ion of t he- S I’S was -omple ’t -t l mak ing  f l i aXi  t i l u m  use of e ’ ( IU i pn ie -n t
Fro m p i a - v i ou s  \I IC H( N cont rac-ts .  ‘I ’h c-  S’FS was suc -e ’e -ss t ’u l l  used in i n t e g r a t i o n
t i - s t i n g  oi t h e -  I- PM s y s t e m .  R u - p a i r  a c t i v i t y  include d repa i r  of N57:\ and Ph a se - s  2.\
and 2 h t  ha r dw uut ’ u- .

t’ nd u- i lask I , l i i-  l - o i ’ e ’e -  I ” l igh t  ‘ic ’s l , no a c t i v i t y  es ’:ls p lanned (or  Phas e-  2 11.

I ‘ n u i u ’ r  ‘I ask ~, S v s t u - i i i  Management , 10 informal  cit ’s ign t ’u - v i ew s ’an ol one-
Pha se-  2 1% F c - i  - I- Va b o at  ii n l) o- s i g-n He ’v iew m e -c-I  ing w e’i’c- cont huc tc-e l  at ,‘~ut e )ne- i  ic - s .  ‘I ’ht-
M IC lt d )~ Pha s -  2 11 P 1-og i a  in Plan ~va s pre-pa r e-t i anti  subtii  i t t  u -e l  in Sc-pt e-m ht ’r 1975 .
-‘c ( i c - t a  ile ’d Wo rk br ( -um kdown st ructu I~~P was prupa i’ed and Sut ) f l I  i i i e e i  in -\ ugust  1975 as
C 1) 1( 1, Ite m A 0 h ) 3 .

- ~~~~~~ -—— ---~~‘ ... - - -- ~~~- -



,-~ i i t eune- t  i c s  h ) i ’ O \ i t l e di s t i pp u u’ t  to  ( l i e -  : i s s e t c i a t e -  c-ont t ’actoi ’s t o o- M I- :s( ; s ( - ( ’o no l —
S~ ’ti r e - e- : m n o i  non— dt ’st  i ’ e i c l i i u l i -  i’edoi’  an d cav i l  e f f o r t s . I t c - v i s u - d  e i i - a w in g s  and s p t ’ c i f i —
c’a t i e m s  i ( t i  M I ’ SG r e ) I ( t i ’ s  and c a v i t i e s  we- re  s u b i i i i i t e d  as re e l l i i i ’ ( - ol . h ) r a w i ngs ,
5~ ) c ’t’  i f  k -at  ions , and manua l s  ui e sc r i h i n g  t i n -  A u t o ) n t - t  ics owne d A u t o m a t  it ’  C a v i t y
U r in c l c - r  \\ t - i ’ e s ub m i t t e d  in 1- e -hi -uai - v 197l ~ as ( ‘l ) l t l  h t e ’ i n  10) 111.

I )u i ing t i n -  pe- i - ioei S ~-\ugu st  lb roug h :to Su p1 c-ili i) e m 1 975 , c-oni m a c i  u i a l  c - o u s t  of
owne- r sh  it) ac t i v i t  i t - S  c y c l e ’  ~ e m’Iu ) riiit -d in support ob the-  I- PM d o - s  i gn t a s k  its ’ t i ’ ading
off  ~~‘~u t i u c i h u 1 i t y ,  r e - l i a l ) i i i t v , and i n a i n t a i n a l ) i l i i v  pa ram c ’te - i ’s . A p a r t s  ~u i g r a m  was
a iso (-onehuc-f eel du r ing t h i s  period to suppor t  t h e  cost 01 owne rsh ip  te - a ni in i h t  - s t - I t
ion i u F  ~~ u s .  Alsu )  u n ( l ( - r  ib i s  t a s k , t In - dt- v -b op i i te ’nts  ( i n i t i a t e d  undo - i’  Pha Sc- 2 ,-\ ) od

t i n ’  M( )S .\ I )  conv e -r te ’r , sp in  mob i’ c-out rob c-i i - cu l t , and IN E ’ Mt )5 c h i p s  we- i ’ e ’
( ou i i I ) l u t  eel .

Unde r Task 4~, Data , ~2 Phas e ’ 2 11 d ata i t e m s  \ v u - r c -  su b r n i t t c - u I .  .-\ l i s t  ol tiies -
t I : m t a  l t u ’ i i i s . along w i t h  thu  s u l t i i i i t I ~m l u l a t t ’ s , is  g ive-n  in S e c t i o n  7.

. \  c-o mp lc -t c -  sc -h c-ui u l t ’  of th e -  ma or it i i I c - s t one - s  of I h -  Ph ase- 21 1 progi ’a iii , by
task , is given in Sec-i ion 10 .

S - - — .  -
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SECTION II

TASK 1- PRIME MISSION PRODUCT

I , - \SI\  1 _ i t , \1I ( ’ l tC iN S\’S ’i ’KM SP K ( ’ I I ” I C A ’ l ’I ( ) N

I ’ n t l e -  t’ l a  sL I . o, Aut one -I i t ’s ol e -velo pe ’e h it ~l 1(’ I t ( N Sv~ t u ’ i i u  Spu ’o ’i (‘I ( ‘ i t t  lO fl w h i c h
u i u ’~~~- l ’ i i i u - s  t h e -  gu ’i t e - i ’ a i  p h y s i c a l , u - l e c t  i’i t -a I , and m e c h a n i c - a l  i n t e - i - l a e u ’ s  l t e ’tw e - -n t he ’
Inc - th a I  N:u ~~i g t m I i o i i  U ni t  ( i N t ’ l ,  I n e u — t i a i  N a v i g a t i u m  I t a l i c - m v  I ’ n i t  i I N I I I ’ t , l t u m t t c - u ’ v  t ’n i t

i t t ’ , ( ‘ u un l ru d N : t c i g ~t t l o u i  P a n t - I  ( ( ‘ N P ) , and  Sv sU-ni  l u s t  S t a t i o n  Si Si .

‘ j u t ’  ~e1 IC h t ( Ix Sv s t e - h i Spec-i f i c a t  ion tA- I  ( 1 ) 1( 1 i was  su i t in  i t t  c d  i n  Noveni h e ’  1’ 1 !t75
:is ( ‘ l ) J t l ,  lb - u i  . \ i W - ~. This  sp u ’r i i ’i e - a t i o n t e a s  r u -e ’ iu -ee eui  at  t he -  Dt- - t -n ih t - i ’  1975 in i o r n i a i

l u ’ ~~ign  t ’ u ’ c ’ i u ’ c c  o n u l  te as tu unu i satis fui cboo’v.

I ’l i c ’ t ’ I ec ’t u’P -a l  i n t e - i ’ u - u u nn e - ct s h e - I e e e - e n t h u  I N I ’ , h N h t I ’ , I I I ’ , ( ‘ N P , and SI ’S turd-
s h oec n in  I - i k e ,  i’e I .  ‘h ’ he -  e ic ’ta i  Ic-el s ig i i : t  1 i mit c - r I m - c- and n i e - c han i e - a  I m c  mfa c- t ’s a rt-

Iso i n c  Ito i t - i l  in  t h e -  ~v st cot spu - u - u i c - mi t  l o in ;  he u wc -v c -  u , t hex’ mi re’ t io u t repro d uce-e l he me-
a nti  t h e  r u - t i t l e - i ’  i~— i- t i  t i - i - I  t o  t h u  speci f ica t i on (un’  d e t a i l s .

2 . 1  ‘1 15K 1, 1 , I N F : h t ’ I I _ -\ I .  \ ,\ \ IU ,-\ t I ( t N  I ’ Nl ’ I ’  I N E ’~

Iii ‘i ’ t sk 1_ 1 , ‘ c u t  one-i -:5 conduct u - in error an alvs i  s anti devel oped an error
l)ue iget for t he  I \ I - , ilec’ul iupc- i to I \ t specific-at i on , o l es ig n e oi  and dec-eloped the  lx i  -

(Ievcl e)pe( i d t ’t a i l  t i c - s i k i l  ~- p e c i f i c ’ a t i o n s for t h e  t N t ’  S i tU ’ s, anol  Ie s i ,!n~~I , ol ec - eboped ,
f i lu r i c - t t c-ti , ant I t u-s t  u~u i  SI U ~‘5 i n t l  spa re-s  for t lie l x i ’ . M I- 5G pa i’t 5 to su pport seet )n el—
soure -c- an t I  n o n— d c- st  rut -I h u e -  ge mat e f for t s were also fmcb r i  cui te ( l  under  t h i s  t : t  sk. These
a( ’t i c - i t  ic -s  a re  t i l  s -us scu  I iii det mi ii in t h e -  f o l lowing  sectie)ns.

2 . 1 . 1 t N t ’  l- :rro r . \ n u o h v s i s  a n t i  E r m o u- Ruu ige ’t

2. 1. 1. 1 ( ) ioe ’et  i c e -

‘h hc ’ oh t e -e - t  l e o ’  of t h i s  t a s k  cc - mi s  t o  use t h e ’  u - r l ’o i ’  m m n a l v s i s  pi’ ogrmini s e ieve lo ) pe - u i  un d e ’i’
p revious ( - ( tnt  rmmc t 5 (‘or ar t -u  m ut t  e l y  l)I ’( ’(hi ( ’t i ng t lie - pe ’ r Io m’ n i an c e-  - h mi mu te - t o - mi s t  i( ’5 (> 1 the’
Engi nve-r ing Prot ot ‘:pu - 

~l 11’ Itt )N (1- PM , m m d  lou’ :u I loe ’: ul l ug  s l u i ) s V s t  em e-rro r buo h ge - t s
suo - i i t hat the -  E P ~\l sv s t e - l i t  cvi II  meet It s p e t l ’o miii mum i c ’ t-  t ’eqUi mc’m ent s -

2. 1. 1 • 2 I % m m e k g r o u n u i

n ( ie ’ r p i u  - c i  ci i i  s -ou nt ma (‘t s , mm eontput er p i’og ra ni had he’e n u le ’ve lope-c i ( ‘to ’ u, ’ i ’ i ~u ) r
a n a l y s i s  of st i’apolown ESU n a v i g a t i o n  sy s t e m s .  ‘l’his progi-an i u t i l i z e - s  (h it ’ gu-ne ’r a l i z ,co l
error  ana h-si s pz’c i g r m m  iii lot- St a tu — s p u i e c  Ant i  I~’si s ol’ M u l t i  —s ensor  Sc’s ’ t o t s  ~SA c1 I’S ) ,
which  had lice-n th e ’v c ’I o p ’ u i at Autonet  h - s .  ‘Flu’ spec ’iali zed t i i o ol t- l s  to t  St rap o locvn ESU
errors h im ud 1)u -( -n tk c’e loupe-ti  for the  specifi c- app licat ion to MI(’ It( )N un ( Ie r  c o)nt i’ac-t 5
in p re -v ious  i ie ’c-clopnient phases . ‘i ’ht ’se- iii o d e  Is eh ut m e t  e u i  ic t he erm -ors  of an in-
st rumo nt configu m mu t ion ‘‘sI rapped’’ to t he’ m u r f r a ni e , hut with the spin axes  of t he two
Es( ;‘ 5 unconst  rained froni maintaining fixeol inc-mt i~ b cii re’c’tions. ‘i ’he mode Is take
int o account ran d om a t t i tude  variat ions abou the  f l igh t  pat Ii , anti the t’hiangc’s in mean
att  it ueh- w it h  changes in the flight path .  ‘l’h i ~ ~ ~~~~~~ m- ii nu t i sis progma ni had bee-n used
in ole - c -u- lop ing  I ho ’ NS 7A e’ rror budget , and in deve lop in g  t he- u I ’I’O ) i ’ anti Ic - s i  s tom pre li rn —
int l  ry ole ’si gn und er  Phase 21. hloweve r , I he - MI t ’  Itt )N p(’ r lo )mrna n ce  i’e’o~ u i re -h it -nt 5
we- ro- changed mit the- s l u m  rt of Phase 211.
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1 h i u -  I ’ ’ I ’  \ i  pu r I o t  i ’ l u l ; u u l e ’ o -  u’ c - tpu i  u u  ‘m u - i l l  ‘~ — u t  (oct Ii i i i  i he- C o un t  i - m i d - I  Sl it  u - i i n ’n t  o u t ’ 
~V u t r i ,

a u a-  — a i i i t u i i ; u r i . i ’ i I  in  ‘ t ’ : i h l u ’  1 . ‘ l i t— h ’~e us i t i o u i i  t t - c c u u ’ m i u - V  i’ i - u ~ti i r e - u u i u - n t s t i ’ ’ -  u - u u u i s i s t o ’ n t  w i t h
lie ’ l’ , u ~ t u i  I ’ u ’ ! u t o ’ i i t  5 i l i i I ) u i s u ’ u I  u h i i i ’ i i i g  I h~- MI (’l~( IN I ’h :us e -  2_ -\ t h u - s i g n p er ioul , cc h i t- h  mi re

s e u i e i i i : u u ’ i , ’ u ’ d  i n  - l : t h o i u ’  2. I ’ m - c’ e h o ( ’ i t c ’  : t m ’ o ’ cu u ’ m t e c ’  i’e - o p u i u ’ u - u i i o - n t t o o t ’  I ’ I i : i s u -  21’ - i s  more
-- i - C  u - l u ’ , h i u o c c u - e u ’ i ’ . It is n iou’ u - s o - c  u - l u ’  ~fl ( c e - t i  I’c’spo-e’ts:

1 . I ’hc ’  liete i’u ’ u ~u i r e u i i e - I i t  is leo’  ‘‘ p u - t i k  e - n s e - u i u l t l e -  m n u s  e’ e ’l o c i t v  e rror ’’, et hi c-li is
( I i i ’  peak v a l u e -  in  t h e  e - n s u - n i i t l c -  u _ i l l s  c e - I o o ’ i t ~ - e - m ’ r o r ecu cc- c- . ‘h ’h ie- P h u m s o -  21
u ’ e’q th i  t e u i i u ’ u l t  \ \ m t s  i n ip o s e u I  u o n  i h u ’  ‘‘ t i l i i o - - — r u n s ’’ c - t u tu ’ of ’ f lu ’ r uns  u - u ’ i ’ u u i ’  e -u i . c u ’ ,
cc h R - h  cc - i l l  m u ice m , v s  he s u i i m t l l t - i -  I han  t lie ’ p t - i L  v i  l o t- . ‘i’he’ pem mk value (in t lit-
i’ u i l s  C u - I o c i t v  ei ’I’()r  t o  c e o - s  7 . I bps  ~ei ’ m i x i s )  ce ’tls ui l ) O ) u i t  I I )  pt i- c- c -nt ha i g u -  m ’
I han t is’ t i i n t — u ’ m s  va lue -  5 . 2 b ps per m o x i s ) , ( ( — 3  h i ’ l te f  2, p. 17). (‘c o n —

su -u ~ u i u ’ h it Ic ’ , i i  1 1)5 ‘‘1 i i i i e ’ — i ’ i i t s ’’  c co mld t -or i ’e ’spond t tu  a l ) t u ut  7 ( ps ‘‘peak
t ’ i i -~u ’ i i t h u l t ’  1,015 ’’  \ ‘e l i i ( ’ i t \ -  u r i ’O ) r s .

‘l i ii ’ iicee’ re ’oj U i  i ’t - i i i e ’n t  i s  ion’  3 . i (  bps  c - c - i - s it s  t h u -  Pl i m i - s c-  21 rec 1ui r e - w en t  o f
( I  i ps .

( ‘ t u i l u l u i n i n g  e ’ t i u ’ e t s of ( 1 )  and ( 2 )  v i e l o h s  mm ef  fe et i c e  i’ t ’ ( Iuid’ t i t ) n  oi l ’ t o u r — s c - v e n t h s  in
m l  lu te  u - u i  c ’e ’ luu - i t  c’ ci’ u- ors fu’ om 7 t ’ps - ‘pt -ak e - nse ’nui ) le -  l’ms ‘‘ to ) ~l 11)5 ‘‘peak c -u se - whi t -

u - i l l  — , ‘ - t o u ’  ‘7 j ) t’ I e n t

‘FAl l  1,F~ I .  SI ’ \l MAIt\’ ( 1-’ P1 jAS1-~ 211 1- ’ l~ ’eI p m-: it i-’ t )ItMA N(’ F ltl-’QI’ IRE MEN ’l~S

(to he’ Vc -ri  fieti hiy Erro r A na1~’si st

Sv st ~ lii ‘Fl iii ~ A f t e i ’
,-‘c u - u - u u ’ m i c ’ v  h o w  S l ) e c i f i ( -d  l’ n t c- u ’i i ig

‘ :t t u ’ g u u i ’ c ’  Sp t - c i f i e I  I i i i t —  I tu ’e iu i i i ’ u ni ent N m i e ’ i g a t e  \‘ (u (io-

P ( u s i t i o u u i  ‘l:P u’ :~~- ’ nm i /Ilr 1 ,1) 0 - I  i t ’

- (0 , 
~~~
‘ ) i l - I  hr

(:1.5 ’ • - )  0 — 1  hi’
- 1,5 (1—2. S tir

( 1 . 0’ ‘I  u( — 9• - u  hi’

h ” - u L :i. It  0 -2 hr
\ p l u k ’ i t v  l’ ’ n se mble ’ I - ’I’ S ( 2 . o I 0 — 2  hr
( i l o n ’ i i o n t m i l (  I I M S  pci’ A -m i s 9. ( ) ‘  — — ( ( ( — 2  h r

‘c u - l o u  i t e  l’k F - u i s o ’ m h h -  1- PS 2 . 1) 0 — 2  hr
t \ ’ u - r t i u ’ m i l t  i tMS  per Ax is  (3 . 0 ’ ’ ’ )  t ) — 2  hi’

I n t u - i ’ p i ’ etvol m u - :  l e - u s t  — s o i u m t  u’ -s sI i - a igh t  h i n t -  f i t  t h roug h o) l i g in.

— ( c i i i

— - ‘ ,- \ i i , - i ’  ‘— t o o - c - h  b c - a i l i ng  : m l i g n n i e n t .  ( ( )th r ’i  ro ’qu i imcn i en t s  t i c  u t i t c i ’  gyr o u ’ O u i i l J ) t ss
ai i git Ui ‘iit

0,)



2 . S I , \I~cL\ , I tV ( t i -  l ’ IL\Si -  2,~\ i u l , ’ i t h : i I i t \ l , \ \ ’I -: h 1 - , t J l ’ l l t 1 - ,~ l 1- ,N L-,

- I - - -—- -- —--- - - - - - -

Sc’st c i i i

j u ice
( ‘ :t t e - g ’ u r e ’  Sp c t ’ u t i i - u i  I n u t  ‘— l?.- -qtu i t’~~t i i ’ - i i t

- 
- 

- - - -~~~~~~~~~~
. - - ‘ -

l ” u i ~~i I i o -m ( ‘ I - I’ I t m u t u ’  o wl  h i m  I . ’)

\ ‘ u ’ I o i t ’ i t ~’ ‘ I i  n i e — h t  \ I S I j ) — P~’1’ ~~~ 
0 ( I I  3 bin

t i b i n  ;- ‘ -  u n I t  I t  I _ -‘e’~i,-~

‘ I ’ hi  I P t ’u ’ t’ (- l i t  i ’t ’u h i n t i ou -i In  m i l l  oct eel c o - I  oci Iv el’ ro u’ s bet ce o-c -n P I t  mu — ‘ 1,-\ m m u i o l
P h i m i — u ’  211 L t h u  — i n g l u ’  u i i , i ~-t t h i f f i c - c i l t  u ’u ’( l u i i r o ’u i l p f l t  t i  n i t -p t  t h i i ’ e u u i g f i  u ’ t - : , l i s t i c -  e u ’m au r

I c u ~I ’,,m, o- t i i i g .  ‘(‘ l ie ’ i u ’ a s u u n  t h imi t  t h i s  i i l l I ) i ’ u i c ’ t - t l u -u i t  i s  p m t i ’ t - i c u i : i m l  o l i f f i c d u l t  t i c  m n ’ h i i e c - i s ,
c a — s e u i t i m i l b v , t h i m u t  7 fp s pci’ m LXi~ I J)emik - n s e n i h l u -  i ’ui i s  v e loc i t y  ( ‘rmo ir  i . ~ n i o i r e e o n — i  ‘— t o ’ n t
t e i t h  I u i m u u t i e - m i l  m i l e  per ho ur ’  ( ‘ I - P rat e  [c ii - t h e  e ’ru ’or ( ‘h i mi i ’tl Ct ( ’i ’ I s t i e s  o u f  m m s t r m tp o lo ) cc - n
— v — t u r n  su e -hi  m i \1 l( ’I t (  I N ,  l” or ( ‘xm im l ) h  c, ( lie o -u ’r t ~i~ m u n m i l v s i  s mind  (‘r u -o il ’ budget dec- - I u i p co i
u i u u i ’ i n g  P h i a — c -  I .-\ o i u ’ c - u ’b op i i i e n t  h imio l  pi’ u ’ o l i c t u ’ e l  pu—a k ensemb le -  t ’ms c’ r l i o - i t y  ( - ru _ u ) ! - — 10 t h e-

1-mi nge ’  i ot u i i i  fps p1- i’ m i x  i~ - uk -p cn diu ig U~~O ) i i  the I lig ht p i’ofi l e- . to o ’  ~ie u’I t o’r i i l ie - c-
con s i ste ’u i t  w i t h  I i l m u u t i u - m u  I n u  l i e -  

~~~~ 
i’ hiou m’ - ‘I’he-su,- mu - su Its t i re-  su non mu rizc’u I in I; ,I) Ic- : ,

m m i i  t i - c -  t m m k e - n  t t ’ u i n i  R e t  2 ,  i ’h i t- fii ’st t’Iig ht pm’ c i f i be ’  is m m j ,u o lv g e u i i m t l  p r o f i l e  cc i t f i  TtJ — u l c - g u ’ e ’ o ’
lu, - t t  tu i ’ils c-c  t i _ c 30 t i n  urn I c - s . ‘I ke- se -e ’ou id f l ig ht p m - u t i le  hi ts m u b t c - u ’ u i m m t i u i g  u i g ht m i nd he-ft
7( 1  i leg tu i -i c-- e -ve -i ’v l I t  i t i iu i u t e s  - ‘I ’h ic th i  i’d f l ig ht p ro f i l e  mi s su i i i es  P t ) i s S e n i — ( h i S t c ’ i h J U t e ’ u i
tel  i n s  cc i th  30 l u ! i u i u t ( ’ s inc - in  t i u n u -  b e tween  tu i-us , i nch h i -mu d i n g  c ’h imun g u,’s no rma (by u i i s t m ’ i  —

butt- ti  cv i th  s t a u i c i m m r t i  e h e v i u i t i o u i  71) chegr e -e-s -

‘ I ’A I t I ~l- : 3, I ’I- , AI --~, l - :Nsl - ’ M l l l l - :  It :’- lS  vi-  I~~)ClT ’Y l , l t l t u l t S , 1~l i A S b - ’ IA

Pt -ak I’:ilsenil)I(’ It~e1S V e l o c i t y  R m ’ r o r s
l’ ’ lhmju t  h’ m i t h  0 — 2  l i t ’

1 , ( ‘ i  r u ’ : u I a r ~ a. 0 11)5 P(~r mcd

2 , ( Z I g  ‘ / , m mg ( . 2  f ps p(’t’ mi X i s

:t . l t m u i ~ iou ii  ‘l ’ u t m n s (  ; , i ;  fps per a x i s
L.

o u t  pi i’i c - mt  I u ’ e - l m t t  i o in s h i p  e f  pc-ak ern st ’ whIt ’ mm s c-elocity c’ i’i’o)i’ tO )  (‘E I ’ i’m i t  e is
shoce ’n in I- ’ig ur ’ e- 2 , i n cc-hie’h t he’ pt ’ak e ’n st ’nh h ) lc ’  miii s c t -  l oo - i ty  c- ru - or  i s  plotted cc i’suis
(‘E l’ l a t e  (or  t h e ’  P_t o) N S7~\ sc ’ s lo -u i l s  t e s t e - u i  by ltockv ~’e’ I l l-’I ight ‘ l u - s b  Ope r at ions  m i t Loi s
,-\n -,,~u -lu s ln t u - r n m m t  i o nmu I Al u ’port . ‘ I ’he - ‘s i m ple ’ si ic’s ’’ for  t h e su -  sI m i t 1st i t ’ s  cc - c- re -  ( lie ’ i e ) l be ) c e’iu i g

• 7 f l i g h ts c v i t h  N S 7 A —  I

• Ti f l i g h t —  with N571—2

I ’ b i u - ~~ ’ r (-su Its I mbu-uu te mu ratio, of peak -ns -mblc  I’ms e’e-bo ci tv e r ro rs  to ( ‘F: 1> rate’ t ) f

about l o o _ 0 ( p —  t p er  a ,xis o to I . )) n m m u t h - m u l  u i ’mIIe per h o u r , on th e bim isi - of t h i s , ont - u’u ii g ht
‘xp u - e - t  t l i m i t  th (- l u - c  eh ot ’ p ut  i t ion tm ( ’ cu u’mt t - v  p erfo rm m mtu ’ e  consis tent  w i th  3. 0 fps peak

t-uise- i i i t i l e- ru t s  vt - I o ej  ty error  for  N 57 ,-\ is about 0. :i ntmutic’al wilt’ per hmu r, C l- P i’ate.
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(- ‘igu re’ 2. l’t ’ mi k  l- 5 l5 ( - r l i l i l e -  U M S  Veloc i ty  b- ’ r r om
‘c c -i - sos ( ‘ I - I ’ R a t e ’  ioi - L IX 1-’l ight ‘ l ’ o -s ts

Thu p i ’ i u l u m u r y  rc: s u u i l  t o u i ’  the’ i i i u ’ i ’ u c — i s t c ’ i ’ n’~ o u t  I u i muu t i u ’ a l  mil e -  per hou r CI- I’ r;ite-
cc u k  : l u - u - I  b e - I ’  ,s u ’ r i u i t d  P u ’ Is e ’ i i , — u - i i i h u l u -  i ’ l l - i s  c e - I c c - i t t  (‘I’l’ u i t ’  (j u t ’ i ’  m u x i s )  is t h a t  M I C R ON  is
mu s t i — m i p u l o w n  ~— c’ — t e i u i .  i t s  — u - l i - — u i ’  i np u t  m u \ u - s  m t u ’ - h o t l y — f i x e o l , so t h m i t  t h u ’ i r  i n p u t s  o ’h :in g -
e m u l : i o ’  ~c i t l i  t u - m i l i n g  t ’ h i m i n g u - s i f t b -  h o — I  c - u -h i d e . ‘ I ’h it ’ i’ c’ t ir ( ’ output  erro r m c ’e ’h i a n i — n i -—
sue- l i  m i —  I ~I:\ ui i ’  M I  5t — i - m i l e -  t : t e ’ t o i m  t - l ’ i’ u u r a  ec’ l i ieh i  cause  change-s in  the  senst ’d mm ( ’ce I e r a—

t j u i f l  t n i  l u - i ’  I t o ’  -~t - c’on o l i t  i i  i n s  - t u n  — cs 1 t m u - l i t  lv , sen u-e l m m c o ,’( -l c-ration e r ro r s  mir e  i rnl u cu’ -ol by

hi u ’- m m o l i  ng c ’ I i : i n g u ’ — . ‘I’ Ito ’ — u- u t m i l  I , r m i n o l o i i i  -~t u - I )  c h m m n g u - s  iii ace-el - r a t i i i n  er ro i m h imiv e -  a
ull t )m u ’ sign ifie ’ :uiu t fi t- st i n t u - g i ’ mi l ic ’ u - l u u r i t c ’  p u - r o i -~ t han -iec ’ono i integral ~pos i t i o n ) _  Al so ,

mm — I ~ i i i  tic-m int lu -adi lug c hm ing - i s  i i  k e lv  to u u - c u r  ho ’tc vt ’m ’-n m i l l  gum c-nt anti  the - r im i  -u-  po i’t io)n
of il ig ht .  ‘I ’h i  s hi - :uoh i og c ’ h m u n g u ’  h i m u s  m u t t  I nuu’n u’-oli mite  e f f ec t  u J ) uu i  c c - b c - i t t ’ (‘l’l’(iI’ s t ’t i r ly in
t h e- n m m c ’ i g a t i o i i  p t ’i ’lt i d .  As  m i r’t- ~ It , t b i i  s type of u ’ r r u ) m  i i i e e ’h ;unl  sm , cc - li l t - l i  is  ( ‘ h im m t m mc t e r i  st i c
i d  sI T’ m o l ) u l c ) c c  U sc —I ‘ n i m— , l i m o s  mi i n u r e -  s ign i  f i o ’ : i n t  u- f l ee t  upon c ’elou ’it~’ - rr or s  t h a n  upon
p o s i t i on en i’i i  l’ s .

I lv  ‘ u u l i t i ’ m i s t , tin ’ sensor  i n p u t  m i x u ’ s  i i i  mu g i n ibmi lk ’d  i mu ’r t i ab  svst eu i i  m i t _ u- i s o l mi tu ’ e l
c i i i  h i emi ( h i  uig c l i :  i t  j,e’s hv thu gi miu m ml s - ‘(‘ lii ‘u u’ em oives  the  t ’mm ’or  ui ie c’I i al i i  sin ee - hi i ( - h

o ’ m i t u  - o I l  S l ) r ( u I ) t ) m t i o i i m i t t -  \ ‘Clu ) e’ i  tc ’ t - r r t u m s  in  t h i c -  st mapt lu ) cc’ul  m- ’ u ’St( ’iii . In  th ese svst ’mii s,
th e  er ro r s  a i’t’ iso u’ - I i ku ” Iv  thoi n i  inm u t ed  lie ’ oh u - i It  er ro r s , cc bk- h take longer  I i i  m it-c- i l iii ul mitt ’
mus m u ~u - t ’ u i i i d iu it u ”gr m ml tc c’ebue- it ~’ e r ro rs . ( ‘ u i n su -q i i e n t ly ,  t he  g i m i ) a l b e o l  i n e ’ r t i m m l  se- s t ems
c mii i  t m t ’ h i u ’ v o -  m m s n i m i l l u - i ’  i’ : t b  lu cti  c ’ c ’ l u u c - i t v  e - t ’ i.ors l o u  pos i t ion  e’ r rors , c e -Rh t he’ m i o i o l c u t
t ’ u u r i i l u l . ’ x l t  v mind w o -i gh t of t h e -  gi ri ib ) m iI  si rod un

2. I . I - 3 ,~ pproac ’h

I t im i - lug t he  pm- cc’ iou s c-t i n t  rm i ct phm m s’ tm - i t -  o lesign of t h e  I’ PM sensor h ar ulcc’ mu re aiiei
c-I c-ct rern ics  had j oe - eu purposely il l  rect cub to nice -I tb - i c lThm isc 2.~ p erfor rntmu ice requirement s

i t the- l u uec  o’sl c-st imat ed l i f e — e v e - I c  cost - (‘oi’m sequentlv, ther e is l i t t l e  perf ormmince ‘‘over—
l u - -i gu i ’ I t  ~ t’mcii lit ’ counteol U~~t)ii to ) help meet the reduced t ’elot ’itv error millo ec -mince.

ln~ t e m m o h , t i le -  only sy stem changes tha t  can be propose(l t i re  mechan izt it  ion cl-manges in the
ha r u l w m m  ru ’  or soft ee ’tmr e. ( )n e such mechanization is the  ‘‘se l f—ca l ib rmit i on ° mechmi n i -im i t i on
ee’hich bi: i  .s bet-n d t - s i g n t - t l  in to  t he  1- l~ ’cJ ha r ol w mm r c , but has not been tested or otherwise
evmtluat ed in t e r m s  of i t s  impact upon velocity errors. H e—orienta t ion  of sensor axes is
men other  puis si  Imli - m c ’ c h m m f l i ’/ ,a t i t )n  ch iming e .  A possibl e software mech’m a n i z a t  ion change is to
develop m i l g o r i t h i n i s for u l t - t e ct ion  m in ol  correction of errors which cause tingle rem m o l ou t
hi m i s  va m l mi t i ons  mi t tee - R u -  t h e  o lem oul ul m i t  or output ‘ slip ’’ frequency. (‘ftc-se tire tI - ic - error
rn t - - hm n i  s in s  moul t- I u - u i  by tiu’ so—calle (i ‘ dc-wool’’ cmtliI)ration parameters.
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PEAK ENSEMBLE RMS VE LOCITY ERROR
(FPSIAXIS)
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‘ I ’ h i u  pri upo s c - u i  mi ~)p1’fl mi ch fou ’ iii et’t l u g  I he ’ c u - l o u t - i t  y l ) ( ’t -foruil t l  ne(- requ i rem c-nt S \ t ’ m is :
I ( p -i ’forus c -i -u - cu r m i u ’i m m lv sc- s c e -hi cli i o l t ’n t  I fv t h e  u i im i  or u - u - ru ) r  iii ( ‘clit im ’( is m ii s p rt - i o i u t - i  rig t h e ’

peak 0_ li s( -u sl ) I c - mi s s c- c- I ot - i t ~’ e- ru ’ot —s , ( 2 )  inv ( ’s t  i g m i t  e in eeh ;mniz  m it  ion eh m inges  ce -hic k
cc uti l u i  i’ i ’ u h t u c ’ u ’  I In ’ e ’ f lu ’ o’ t  s u f ’ t l ie - c l i u t i i i  u im mui t  u - u u o u ’  unt ’ ’i~i n I s u n s , ( 1  I ) u - t ’ l o i u i - i  o -  i ’u’ o u u ’  m m n m i l s - ’--
I ci c u  - t u ’ i ’ i n l  nc I h i u - I o h p m i c t  i i i  I he- I u i - i p u u ) c ’e- n i en t  5 , ( I )  t a ’o l u - t  0 ’  m l i i i  flu’ I Is’ o loni  I nmm ft  0’  i’ l ’O u t ’
u u i u a ’ h m i t i i s t n s , m m n u l  (5 )  t ’e’t t t r u i  I tu  Stc ’I )  ( 2 )  mind i t u ’ r t m t u  u n t i l  t he- u u h j c - o ’ t i c  o -  has  i iu en : m e - h i e - c  u ’ u l

uui t ii n o ) to i l  k u- i ’  l i i i  p r uuc ’ eu - i u e -u i t  s c-mi ii l i i -  u - i t m m u  ho -

I l i e -  l o m i — i e -  l u u u o I  tisou h lou ’ e r ro r ’ : m r - i : i l t - s i  — :inel d u - e u ” b c o p u i u ’ n t  c u b  m m r - u ’ r e i r  b u t io lg i - t  I —  t h e
S,-’c\l t S priugm m ulii o R e - I  3). ‘I ’h is  I s  mm i i u i t l t i l t i t ’ l ’ I e ’ u I , g e n e r m i l — p u i ’ p u u - . u -  p i ’ t i g u — t m l - m i  four  er r o r
m i t i a l v s i  s u uf  mm ce l t ic  ‘ - m i u - i t - t v  of est i  r s at ion  and o ’u un tu ’ e u h  pm~ hI c-ni - ‘l ’h cru ’  j s  mu su ibset  e) f
t b t i ’ s u -  r u i o d u l  u - s  e t h i c - b - i  i s  sp ccil ’i e m i l  Iv  de s igu u- d lou’ i n i h ) l u — n i e n t i n g  th ( -  — t m m t e  dy n a m i c s  mind
5cn s u i t ’  t ’ h m i  i ’ m m c ’ t e r i  st i c ’ s of st  i ’m ip o l eu wn sc’ st eni  in t h e  t i i  i ’ o ’r a f t  ‘‘ c- m i m i  u ’  - o’uic’ i ron in cut.
l’ h i i s  ~— U I ) S ( ’ t  o i l  i n c i ( b U i u - s  h m i o l  l)een ( ‘Ol ) i l) i I ( ’( i  m i nd cx ee ’c itu—o i On t h — I hIM ~t70 uu po-’r t m t i n g  s y s t e - t i t

- 
it I I t- ( ‘ c c  i- pu i r a t e ’  (‘ounp u I iuig Cc- ott ’ i’ • t t  i i i  I the c-c o u i t rc i l  cit- I - k se tup  hmm d lit-c - i - i dcvi- Ic ii ie ’u I lot ’

t i i c u u k -  l i t - mg M IC IU )X c - i ’ m c u i ’ s - ‘l’hi s c ff om ’t h :t i  I he i-n t ’eniu pb e-t c ’d u u i u l e t ’  l ir e -c- iou S cont rac ts  -
m u n c h  the sou i’ce’ ( It- I-k s fou ’ th e - se ,- in ouhu le-s hau l  bet-ui s m u v e -c i on p u ne h eul  c:ui’ ols m m n ul on n - i t m g —
lit-I It ’ tmup e- do rim - m g I ‘hmi se-  2,-\ - _\ b so . mm sp ’ c ’ i m m  I l i e - u i  ‘‘ i ii ost  pr oc ’ssor ’’ pI’og r m m  m i - i fo i’ er ror
b u u i ge -t e - v m u  lu : i t i e >f l  mu u iu h output  forn m m t t i n g  ha t  I be-en ok-c t - lop e- u I m m d  sm iv e c i  on cmu mu ls  mit - m ci  tmmpe -

‘I ’bs’ f t -mu  s i h i l  its- of i ui ip l  e ’men t in g t h e  S:~ \l S p i - e ug r mm ni  un thu ’ c -oui ip cut cm — c - s t e m —  in
t h u  \ I  I ( ‘Ia i N h m l ) t ) t m i t e ) I’V cc - mu- - iuic’ ’st i  g m u t u - o I , tu i  su ’ O’  i t  the cost 0) f  donvel’ sion (- 0) 111 ( 1 he

— mu e u- h in  di l’(’(’t cht i  I ’g u - s  f o r  i, ’u u t i i  pu t t - i ’  s e - r e  i co-s - It mm l ) l ) e tm i’eoi tha t  t h e  p r o g r a  ni Si  ‘IC Wti s
c e i t i i i n  m u - m i s o n  [01- i m p l e m e n t i n g  w i t h  ‘‘ u ic ’ e ’ i ’ I m ut’ s ’’ on the h I P 2 I t ) t )  — y s t e m .  Ih o ccee - er .  t h u- re
cc oubd h)( ’ ( ‘u ) fl S i o l e m m i h l  e i ec ’cuel ing requi meu l (‘UI’ o’one’et’ti ug the  I I I  M I-’o r t ra n  to :\NSI For t ran ,
tmn ( b  ~ u t n t  (‘ s u b u ’ o u u t i  rn ’s ce’oi ubd hav e  ( t o  be c o u v u -  t’t e ’i I ft ’u > t i i  h I M  ~I70 mis  5( ’fl )bI%’ m m ngua ge to
I I  P21 00 m u s s t ’- r i i h b y  I t m n g t i m m g c .  It w m m s  fe- I t  t h t i t  ti - me- ef for t  and r i sk  rex iu i  u e d  for ru - codin g
mind  c ’b i ( ’c -ko iut  cut  mu p r e u g r m u  in of su e-h s I / C ’  m m n u h  c ’u ) un p l  c-x it~’ ce-as n e t  coui i i i i en sou rate- to the ’
e-xp ec ’to ’eI s m u e  l o gs  in e - cni - ip ut t - i ’  c - I - i t t  i ’g - s - ( ‘onse u j u e n t l v , the  pm ogt mi mu c c - mi s kept on the
I l r~l 370 s tem.

‘I ke - P h mm -ic 2_ -\ progma in s  I m cci  bc’en o lcc -o -b op ed for erro r t m n a l v s i s  of a svsteu ii
con tmi i  n i n g  th e -  M l~St , ; A ( u - i - i  k- rod Cd t I ’d ) St ~i t id  gv r d ) SCd ) p ( ’  t m ( ( ’ t l  eromett -  ii m u l t i  sen sor.
It cc m i s  fi I- -- I n( ’c ’essti ry to ) modi fv th i( ’ error nioolel s t mnd pos t — p t - i i c ’ u - ~~--~i cm to moo iel  the
o - i r uul ’  chi n m m m e t e - r i  s t l e s of the- th ret ’ c-I ( ‘e -tro i fl tm gn et i e ’ ac t -u I p rom ot e ’ u’s I- ’ M A )  in  ph ac-c of
the  \I V S ;A -

‘I’ lit ’ eI I - I S( A c-r mu i- buo iget is sheuwn in l able  - l - Many physical  errol’ mi -i t- -han ,ism s
are Ii  st( ’d ce -hic k cause  mR - c ob t ’z’ mm t i cm - r ror .  These ( ‘ru -or m echan i Sflis p rodu tce t h t e e
ty pe ’s  cu t ’ e ffu -c - t  s on t i e - c - I e-r ati on rt -a c iu ut: — bim ms -rror , sc-al efac ’tou’ em’ u’o t ’ , mind inp c mt  ax i s
m i — m i l l  gui is (-f t  u - r mdi  i’ , ‘I’ bc - se - em I’ d )  l’ s appe’ti 1’ e ’ o i umm I I ciii ti -me gyrc~ X , , mind i ttxt’s -

~ i th e- r  u - f f e t ’t  s tu re, c c l  c-ou rsu -  I)t t ’sent but ar e e euns i de r ee l  ‘u m i - im i l  I mm n ( i nc)t i nc ic u deel  in the
u-r ru r bu dget -

‘I’ b i t -  I- M A u ’ m’ m-un ’ bui ig(-t is slu ice n in ‘t able Tu - ‘I’ he Sti me th l’ee e’f 1’e-c t s m l me
r u i e n h e l  I t - c l .  b h e -  I- MA I n pimt m i x e s a re  c-u i i u eai- cc i Lk  the gyro x , y , antI / m m x c - s

‘ I ’ iie ’ s i - u se-c l t le t ’o ’lu ’i’a tj u )n e r ror  on t u e  i th  axis  ~i x , v , v )  is

,‘\ , ,~~, - I~ , A . - ( s j n~~- A ‘ )S i il & ( A ,
i j  Is mk

cc her o-

( I , p, k~ t \ , y , /u , u t , i , xu , / , x , y )
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I ’ ,-\ h ILl-:  I . M I”S( A F11l(( )H thI’I)G I” T

u ’r ot ’ \ I e ’ c h i m m n i  sin J-1’f(-c ’ t

I I I  m u ’ ~ Sc-mi le ’  l’ mm o ’ tc i r
R ept t i t t i h ) i  I i ty  R e p c - t mt t m l ) i  I its ’

I u l c l o m i c h  C h mi l’ ge - \‘ m m rim itio n ‘-‘- . I pg 20 . 1 ppm - i - i

R u t ~o u ’ ~eI I se - t - n t t -u ’ in g ‘- . I pg  20 . - I l) I ) iil

: m I )  Mt-a  sot  i-cisc-nt - I ;i g 20 ) . 1 1)1)11)

Ro t ci r C h n mi ’go  - ~cI em ms ut ’ ement  - I ~ig 0 )

Strmu s ’  ( ‘ m ip m ic - i tm i t i c ’e  “ . I pg  20 . I ppu ii

P r o p m m g m i t i o n  I )el m iv ‘~ - I pg 0

lU st-  ‘l ’im o ’ \ ‘zm i’ I at io n  ‘. I ~~ 0

I ) i g i t i -,et ’ F ’I ec -troni c s 10 . 0 pg 2(L 0 PP lii

Su b to t m m l  (1(55 cuf the ’ mu bov e 23. fl pg  -15. 4 1)1)01

Se al u ’ I- ’:ic -t or  Sttibi I i  tv I Ti ppm , T 20 ml  n -

A x i s  ‘eI I s m u l  m gnr i i en t  R - p t -m i t mmb i l  its ’ 10 sec

I l i m u s  ‘ I ’ h e - r m m u l  ‘l’ r m m n s i t - n t  s . I 1~g, r 75 ~~~~
-
~~

- ‘ ‘

“ c - m u l e -  I - S te- tour ’  ‘i ’he r u u m m i  ‘I ’ m ’m o nsi e nt  2( 1 . - I PPm , r 75 see ’ -

L —_____ - - -- -_____ _____  _ _ _ _ _ _ _ _ _ _ _ _ _

‘I’A I 3LF : 5. F:MA 1-;HBOB 11t’DGF’l’

I’. i’i’ot’ I’ . l i t - c - I  M mu g m i i U , i e ie ’

So n ic-  l t m ( ’ t i ) r  He p em i t ih i l i t v  T u u ; _ :1 ppm

S - m i l t ’  I-’ac’tou’ Stabi l i t y  15. 0 ppm , 1 20 n - in ’

A x i s  M i s a l i g n m e n t  Repea tab i l i ty  2 set’

Il im i s I((’p (’atahilitv 37. s

Il i mi s ‘l ’her r i i a l  ‘1’ r m in s ie n t  3 pg,  90 so -c ’ ’

Se-alt- Factor ‘l ’hermal Tt’an8lent 32 pg, T 90 sc-C ’

First  order Mark ov process
f-~X pOCflt~ ll decay to -zero

I — ’  -— — - 
‘--

~~~~~~~~~~~
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ant i  2m~ h i m u  s ( ‘-ru - o m it ’

~ Ix.  ‘— c - m u i u ’  t ’m u e - t i i r  u ’ i’ i’ uu u’

- ,  c~’ . 1  i n p u t  a x i s  uii i s m i i  ign m e nt s  m o h o u i t  m u x e ’ s  j mind k r ( -sp e ’(-ti c- ( -Iv .

Accu ’I pr om u - t i - u ’  hi m i s , st - m i l e ’  f :mc t uu  u ’ , mu s h mmxi  s ui -m i smi l  ignin u- mi t  s mu i e  esti  m m i t u ’ o I  clii  r im - mg sv s t e -u n
c - m i  I i h t ’m i t i on  m in d t I n -  r u - s i t  b t i  i-mg Pti i’ti iii e ’to ’ i’s mu re used to c-oui ipc -n s m i t e -  tb - it- m rc’o - i’-I -ro r m iet er
o l mi tmm . ‘I ’ h wm’ efot ’e , t i e- ce he d p c ’ mu l  u -  1 ) 1m m s , sc- mm b c- factor , and axis nil s t i l l  gnni (‘fL-i (It ) not
p t ’n e i imc e m i t ’ t ’ u — I o — i ’ a t i u m  ( ‘ 1_ u _ o i l _ s t u u ck’i ’ op ei ’ mmtio n t i l  c ’ono l it i on s .  A e - c - e l e - i ’ m m t i o n  e’l’ i’oi’ s mi re
p r o u i t i e ’ ’oi liv p r r o l —  i i i  u ’ s t i i i m i t i n g  t h e’ [)mil’tuIUetel’s (iu l’it g  s~’~ te’iii (‘mih ii )l ’tm tiO )n , 1)%’ C ’iimin g(’s
in  tb u - I n s t  t t i  mu -n t  Pm~ cm i meter  c’m i h i i  c-s mif t e  I’ sy steii i c - t i l l  b ) u ’m i t i on  , un ’ by tin umn b ) r ’ u - e l i c t m m l ) l  C ’ ,
l ’ m m n oio m c m i  i’i m o t i o n  i n  t l p  t m u u e  e’ mm b u o ” o i l  t i - mu- ~a m’ min ie ’ to’i’s.

H cp u - m u tmu h i  I l t ~ em m o u’ s l i s l e - i l  in  t i e’ em ro )r h ) o u ol g(’t cit-sc - i’ibe th e ’ pm m i - mi is et c-u’ s h i f t  t i t t e r
—c’ — t cl ii  c ’ m u l  i h t ’ : i t i u ~ i mind  m i t  so ti -me ’ e-mI ’o ) u’ s in n icasu  r ing  t u e  pa rm mu n e t e - i ’ s du t - i n g  s v s t u - in
t ’ m u l i h u u ’ : o t i o n .  ‘I ’hp p : i r ’mmme t e- u ’  s h i f t  i s  m i s s t u n i e d  to Ocu -uu ’ at system t u r n  c i i i  and tb - i c
pa ~‘m i ni e ’t t - r  c m m l t i e - s  mu i’u - c-oil s t t in t  cia  r i ng  pet ’iod s of svste-m nt - ic - i  gat i o )n .

Si t u p f m m c ’ t o  i s t m i h i l  i t y  o Ie—t ’  u ’ ihe s  tb - me r anei en i i  s(- t il  e ftR -t or c - mi m i  mit  ion c h u u r i n g  per iods
of —e’ s tern  nmu c - i g m m t i u - n .  I t  is  tnc olel -d m is  mi fl u- st order  Mt irko c’ pro )c ’es s cc’ith t in exponential
m o t lt o c t’ i )r i’c ’-it )tic )n fiune-t ion ~~

‘I’ ,

2 — i ’t’ I - T
I” - óK I t )  ÔI\ (t b’ ) ~ 3

5 5 I 5

cvht’rt - N 5u t i s  so - miR ’  f :uo-to u ’ stm ibi l ity error mi t time t, I-: is “expc-ctcd c-aloe 1)1” ,
is  t h u -  s( ’ t i l  P fmie’to)l’ stmi hi i I its’ c u r l  minc e, m m no l  -r is the- time c-oiuis tmint. ‘I’iie errol’ is

nieu Ic- ic - c l  u t ’  t i c -  oil  f fc  u’e-nti m ml u ’o~u at i  on

~~ 
(- i i .  oI\ - U

cc hWI’ (’ ii i s  cvb i i t e  noiso cc i t h  power sp cc t r mi l  d ens i t y  aiiip l i t o mo he 2 - i s 
2 

T. Stmmt e v m i m i a h l e
oh ~ - is i n i t i m i l i  i ’d  c v i t h  e -m ul’ i anc e-  -i5 5

III as mit - mu!  s ’ ; m lt’ i m  c c - I o u  i’ tl c- m u m u m m  I t r am is i cu i t s  t lt ,’se i’ibi’ ci’ rot ’s t ha t  u n i v  pel’sist for
the - f ir s t  (‘t-W t iu i uu t t ’ s  m m ft c ’m sy s t e m tu m-n t i m - i  no el  mm i’e clue- to t h ic i -mn a 1 g r t i e i it -n t s  thmut  h i m ove
not s t m m b i  lj z eu h  - ‘flit- u i m u g n i t u u k -  c it  the- e’m’i ’ot’ t ie- ct iys e-xpc imu- n t im u l1\’ te ) ZcI’ t)

, -t/r~ ,1,

- h r  - -

- i 1- ( t ) s ’I ’~~ ~ 
I

where 1 , , ( t (  and c ( t )  m ire t h e  c - m m u ’ i :m l i t - o s  of t h -  bi m is sc -mile  [mi t -to t ’ t h e r m m t  I c-i’i’o i’ s mit

t ime  t m ind T~~~ , an d -r -1~ a u’e t h e i r  t i m e’ 0 - c o O  st ti nts , u’es l)ec ’t i c - e l y .  ‘t ’he u ’ri’ o - u’s m u i~u-

n-mo de-I u-t i by th e -  e l i f f e r en t i  t i l e qummti i  ins

i 1. (- I

~~~~~ 
( I T i~)S i .

I t

-. ‘ —~,,.- -



‘[he-sc ’  I- \ l  . \ e ’ rm’ cul ’ u u u c u u k - l s  e e c - r e  t iR -m u i r i i p le-muc-ui t t ’u I in the- S:\Mt’S uk-ck sc-to p m ou m ol
e t - u ’ i f i e ’ u i  i u ~ m’ e ’~c e ’ ; i i i o g  mu s e - g u t t e n t  c o t  mu f l i g ht p i’ut ’i b i m ’  t m s u - u i  iii N’~ 7,\ crroi ’ m m m o 1 ~’sis ee’ it h i
I- . MA t ’ m’ i’ u u m’ u i i u u c i u _-l s  - l i - i  t i - m i s  ee - m u ~ , the- s\ ste - i t t  p e - u ’ fu r u n  m u lct- se -i i s i t ic i t i t ’s  to th e  I’,2e1 ,-\
e - r r c u  u ’ I t - i ’m - i - i s  c ’ciu l u h  be- c-c u u n p m m  me -t i  tulle ’ — to ) — emil - it- tu i  those ’ uib tm t  i ne - u i  f r o n t  t h e- NTi 7 .-\ re-su its -

‘I ho’ l 5 ) 5 t _ I ) l ’ cu ~”( - 55o t ’  ~) ro ) gu ’ m i u i i  u i n i l t i p h i e - s  ti e- er ro r  s - n s i t i c ’ i t i e s  g e ne ’u ’m o t coi  by the
S_ - \ M t S  p r o g m m m u i i  c e i t h  t h e  i’is s e r r o r  i iuo l get  tei’iii s, c’oui~) it t e ’s t h e  i’ s — u i f  t h e  m’c -’~t t I t i n g

mi uie l  f n i ’ n i m m t  s mi mI  p t ’iui ts  the ’ r e s u l t s . ‘( ‘lie se’-c-t ion c i f tb - me ’ post - --proc essor  ct -h ic k
pr ov e - -— — c ’ — tb ’u e -  m u t - t ’ e l u ’ i ’ m i t  I 0) 0 s e n s i n g  emm o ) i’ s cc -mi s m epr o grmm mn - me-oh  to ) i t  se’ tb - i c -  mm ppropr i  ate’
el’I’ u ) u ’ sen s i t i  c - i t v  tel - ui - is m m u io I eu’ i-or bu d get tt”i ’rmi s for I_ he h MA n i u t t i e l  , m m n o l  t i - mu ’  oum tp t ~t
I’ ii’ m m i t t i  rig cc m i s  mepmo g i ’m u mm  c-el to mu g i - u ’ e-  cc ’ith t i - ic -se c-oui c ’entic ) i i s  —

‘I ke f l i g h t l i m o u f i l c -  m u s s u  i n c - u i  for the e-I’roi ’ m u m - m m o  ivs -s c vm ms not chang e-cl fro m P hmu se -  2;\
‘t h i s  is (‘K;’!’ I~ INS Route ’ 6 . w h i c h  originates mi t  I iolbo tum un A Fli, I NS Route  6 r l o m n u a  liv
t ’ ct ll I’ns Ic) I i, -\ I ’ l l  fr om B :mke-rsf ie -Iul , C m i l i f o r n i m i  - The- f l igh t  pi-ofilt ’ cvm u s -xt -ndcd to)

S m m cr a m  c-nto , ( ‘mil l  f o rn i  ti mind bac’k te) I IA Fil in circler to ) aI b ce’ m u l onger  nti  c- i gat io )n period.
~l~i t  t’ - s u m l t i n g  fl i gh i t  pt ’ofi l  e is sum mmir i zc o l  in ‘l’ ab le ( _

‘I ’A I I I F  o ; .  SF:GMF: N -rs App Roxb MA -I ’IN ( ;  INS H t’’I’F NO. 6
_ - --~~~~~~~~ - —

I ) ti r m mt i o u i  I I  c - m u l l  ng \‘eIo e- it ~’
Se gmen t  (see) ( 1) 0 gb ( fps )  I ) e s t i n a t i o u n  

I 33 ;  (1 0 ( A l ignm en t , l i ohlomm in A I- ’h l

2 u ;o 1 t ; T1  220 1 Fnter N a c- , ‘i’ t ikeof f l

:~ u , u )oo 22°) -10 (1 Las (‘ ru ces , N (‘Cc’ M ex ice u

I I s U i t  2 u ; 7  735 l’ uc ’sc)n , Ar i -,onmi

‘i 9 0(0 )  3(U) 735 ( ; i l m m  b lend , A r i z o u u i a

I ~ f fl (  2 t ; 9  735 M i r a m m i r  NA S , (‘ah i f o r n i m i

7 3:~u ;;29 735 Smicramt”nto , California

- u ; ! l o ) u )  7 3 u  h l o l l o m a n  A I-i l

2 . 1 . 1 . 1  R e s u l t s

T he ’ b ‘l i m o - — c - ~~ I- ’ r ’ro r llu dgt -t  ce - mm s used m m s a s t a r t i ng  ptii nt in evol c’i ng an error
bud get t i imr t  te -ou l ol me-pt ti -me Phase 2 11 p er fo rn i ance re-qui rcni ents. ‘[‘h -m i s cc - ill  he c-aIl ed
a ‘‘ u - m m n oh i o l m i t e ’  e r ror  b u d get’’ ( C I ’ l l )  bt ’ct it ts e- , mit t i-m e start , it clues not nieet the  system
performance- requirements.

After  the- SAMI ‘S program h i ae l been modif ied for I- MA sensors mind checked out ,
the  F~ MA error budget s h o w n  in ‘I’able S cc’ mms  sub stituted for the ‘el i- SGA error  budget
in th ie C I’ ll. Al so , sc ni e of the thernia l  ti me e’onstants mind -s t imat eol  rn -m s magnitude-
t f  t h e ’r n im u l lv  sons it i  c-c error sources were ct l ) dm i t eel  to agree- cc’ith r e su l t s  of t h e r m m i i
tests and ( ‘iiang(-s in  system t h e r m a l  control r~~iu i r e inen t s  s ince ti -me Phase 2A error
budget had been completed. ‘I’he r e su l t ing  ( ‘Fb I  is gi c-en in  ‘I’ ab le 7.
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Ho ’ u - s t i u i i m i t e - o h  I ) u - m m k  ( ‘ns t ’lo i i ) I ( ’  u - i - i - i s  c u - b o c - i t y  -i i’ou ’ i n  t he  f l u — I  t c c o u  h oui i’~— of
u i : i c i ’g : i t i u m n  c c i I h i  t h i s  u- i’ i o u  i c m u i h g u - I  i s  u . I Ip s  ( p p m ’  m u x i s u .  ‘ i ’h i s  p -m u k n t ’ o - i t u ’ s il m o h , o i t m t
So ; u i o i l i u i h ’ —  m u l t i - i ’  t h o u ’  s t m i i ’ t  oh l - m t i \ L~, u I i u i t i .  h P ,’ c’u~ - i t u ’ m t s t , the ’ - — - t i u i ’ i m o t e u !  t i m e ’  - u’ i i i s  e’u ’ I o e - i t c ’
u- r u- o i l ’  mm c i ( ‘1: 1) u - a te -  fun ’ ( l o i s  u - u - i - u i ’  h i u t u h g u - t  i r e -  I .  I ’ju ~- m m m l  0 , 73 n a t o t l o - m u l  n i i l c - s  p c-c h o u r’ ,
i- u - — pu t t ! c c - 1~’ , i i  1 hi’ . ‘[lii s I t —e el of i ) u - l ’ l uu t ’ l n m iu l ( ’~’ in  c ’ e iu i e - i t y  u - I c - m m  m I y  eioe’s uic t ine-e’t th e
h ’h : u —u - 11 i’ u ’ o h i t  i u ’ u ’ u i i e ’ i u t  - — —

,-\ I m ula ibmutiou n c i !  h it ’  ( ‘I - h I  e’ t i n t r i h _c u i i u u m i s  to p e - m u k  u - i u s t ’ u i i L u l e  u ’ i u i s  e e - l u e ’ i t ~ e t m i s  p m ’ e -p mum c ’ uh ,
u i i o i  i’ c - ’~, t o  \C e ’u l l o u t ’ t u e  pu m ’~i~o so ’ co t  i t h o - n t i l ~ lug h i u u h ge - t e ’u i  e m u l u e ’ s  t kmi t  c u u l o h  m ’ e - m i s c u u i ; u h l y I)t ’
‘ i - o l i v e - I - ‘ l ’h is  i’ e’c ic-ce - i t i c , io ,t t i e ’ c i  the- u’ t -spo m im-oihlc-  l- , \ I ,\  m m i i  ‘e I I - IS ( ~ e ’n g i n ( ’ o - t ’s m i t i ul (‘ic-c’ —

t t ’ c o l i l c s  ci e- ~-- i gn c’i ’s, t_’o o n siuhe ’i’ mu hlc ,se’ ruti uv e t m i s  m o i i p lie ’d t u c  m i l l  i i u i i ge - t e ’c i  t m u l u e ’ s , e c i t h  t h e ’

~~~~~~~~~~~~~~~~~~ 
c m l  id e ntifyin g kutc e eec -Il mull s O t i i s \  ste nus  ee c-r e- i_ ’ m t i u m u b l c  o i l ’ u i i e ’ e - t i t i g  the-it’  u -c ’c~ui r’ e - —

u o , e - i u t s , t i l l m l  i’ e’ u i u c ’ i i i g  t u e  k - c e - I  c c i  : u l l u o e e m t b u l e -  t c ik -r ’ munc e ’s  eek e - m’ -ve ’u’  p c u s s i b l e . ‘b u t ’ m iu o st
—~i g i u i l i e ’ : u m t e ’ o u n t u ’ i b u t i c u n s  to ;  1i t a L  c ’ns i ’ i i u h be ’  [‘u i u s c c ’ l o , c - i t ~ mit  t h m m t  t i m e ’  w e m i -  I’.M:\ cm-rot’s,
‘J’ho - i l : u c s l  s i g i i i f i c ’ m t u - m t  m’ e-su i t  of t i - m is  i’c ’vic ’v- , mi n d  eu ! sub se-o iue -nt  int e - r im l I’ d - v i e w s , ev:i s the ’
f i n d i n g  t h a t  the’ u i e - u i i c o n s t  i - m i t e - m i  m m x i s  u i u i s m i  i i g n u n c - n t  s t m u b i l i t v  oil ’ I’~ tbA ’ s 2 m i t - c ’ - se-c ’ ) cc m i s  ccit i
—i h it- i’m o h u i y  b e - I t t - i ’  t k m u n  t i ’  e ’t ’ i’u u i ’  i ) t io l ge -t  • cc ii i ii, - I_ lie-  s e - mu it ’ l’m ic t or  stmi bi l i t v  u’e - qui t ’e -u iue nt

- 3 p~) n i )  m i o a c  be’ i l i f f ic’u it  tco  muc’hi ec - e - - In the ’ Phase’ 2,-\ c hesign of ti -me- l- ,_\L\ ‘ v luste r ’ -
c’mme’ h i-~~l,\ i l i [ u t t t  t i X i s  1- , m u b u i u t  ; u ~ t ie-gr e -c- s  f m ’ ( u i i u  Ce -  m ’ I i c m u b  - lii ti -mis u t ’ i e -n tmi t iom i . ti -me output
u - l i ’  i i’ Is l i m o  mtic ’u i mu t ’Iv s e - m i s i t i c e  t t i  s t - mi le ’  I m i c - t u n ’  c- i ’m -ui ’  (1) 1-cau se- I _ k u -  input  is n o u n i m - i m i  I l y
m uh ,~ iut (0 . 6 g ‘ s O ; miuu o l e -  s emi  t~ m ; u t i  t c c  m m x i s  m i s  m u l i g n i u i  c-i - mt - I iowe’ve-r , ii the c luste-u ’ cc c-i - e-
l i I t t - u i  uioee n , 5 c c  t h a t  tce c u I ~b -\ iu - ip u t  a x i s  ccc re m m p p m ’ c i x i i t i m t t c ’ l y  hu i ’i z ont ;u l , ti -mi-mi (lie ’ output
U I I ’ i’~’ W u u u i t !  lit ’ s l ig h t l y  u i i u o u ’ o ’ s e f l s i t i v t ’  to inp u t  m u x i s  u i t i s m u  I igu ’ i m t ic -n t  i n s t m t b i l i ( y  m i m ’ m u i
‘- i g u i f i c m c u t lv  l e s s  se n s i t i v e -  tu i  s c - mu le ’  fmoc ’t o r  i t i s t m ib i  i i t ~’ -

I 1u ~~ ~u 1 I S ule e ’k se tup  ce - mu s mesh fi -d to cc -md ant e  the  t ’xpec ’tu —tI eu ’m om t ’ h i m m  rm i c ’te i’ i sti Cs
cut :u \I It ’ U( i\  —c’ — t u tu  w i t h  t h ìe  I- MA c - I t t  ste ’l ’ u_ u - — o m i t _ i  c-n I_ ed iui t b - m i s  m an n e r ,  ‘t he erro r

011:0 l v  — i s  p i ’e u i i  vt eo i  mi ole-c - m u- :  Se ’ in  t h e  - u u n t r i h t i t i o n  0 ) 1 i - M A  e ’u’ro ) m s to p emi k u- n ~eniiImi1 p m s
c e l u o c - i t v  fr ’ u u n i  3_ c c  i i i ~— per :uxis to, 2.0)6 fp5 pc-i’ ax i s .  ‘l ’h i s  i ’Pslul t e ( i  iii a ( lu-c - I - c- m i s c -  in  the
i- ’, p e ’ c ’t e ’ l ~i e-mu k c n o — e - i i o b o l c -  t ’rn s c ’ e l o u c ’ i t y  c u f  t h e’ sc- ste — n i  f t - e mi t - i - i  5. I t’ps pci’ axis to - i I , ; f t- is
~~ - r  x i s ;  f t ’ o u u u  I “ I t  j u t ’  i ’ v e ’ n t  o u t  t a t ’ g e- t  ~3 th is ) to o I -S O h mi e-t ’ ce -n t  u u f  t m u m g e t .

‘es mu m’c ’ su h t  o u t  t h i s  m c n m u l ~’sis , t i - ic- ek s i gn e ’h ;tn gt-  eeas  i’ o ’ c ’ u ; u u t m i i t - i i u i e - o h  m mu u i  i n u p le ’—
n i u ’n t e - u i  - ‘ [k mit  is , the- I’~ °d ,\ e ’Iu st e ’i ’ \e’ mts  u’ t- -- c i m i e - u u t t - c  I ce - i l l - i I_ ec u i npu t  m x c ’ s  i - memo m ’l~’ h t o m - i —
z o u t i r m i  I - It i s  nOt th e -s i  r’ m i b l u -  to limit - c ’  t i t h e - i ’  i fl})Lt t m m x i  s tu s i  c - louse -  to h i u u u ’ i z u u i i t m u  1 , bee ’m mu sc
the ’ n c - m m r i~c u c ,  output  i m i te -  c ’mu use -s  oiu an t i , ,  m u t i e i n  noise so ff ic ie ’n t  tcu u l e g  u - mo o ii- m u i gn in t ’ml t  -

\ t h -u ’  t i - m i s  e - h m u n g e ’ , th e- e- ,--,Iiuu mite-ti ( - I - 1° i- mote-  cc - m i s 0. 72 fli n t  p~~ h e,u t’ , m i l t h e ug h ti -me ’
\ t ’ I o O ( ’ u t \  u - t ’ l ’ o u i ’ c c m m s  ~-t i l1  o u t s i u l c i t s s i i e ’ e ’ i f i e - o h  rm in ge ’ . ‘[he’ SAMI S j ) m’ u) g I ’mu u il ee is oi so i i lou ’

i e h o - l i t i  f l o at  ion ci ti e ’ m o u ’ - t s ign i  l i e - m i n t  t ’ o i f l t  l ’ ihu u t or s  to ti - me ’  i ie ’mik en s o - m h i e ’  imis t’c’l oc_’ its ’ -

‘e l i o - i ’ i ’ ur s c c t u i ’ i ’ i ’s c c h i o’h ( ‘ u o n t r i i ) u t u -  I ) . - f j i~ or m m m i ’ o -  i c c  t i - me-  m’ss t t u tmi l mire-  sh oe c’ l -m i i i
- l i i i  - . ‘I ke- r ’- -— of ) h u ’  li i’ s) I C ) t o ’ i ’ i d i s  i s  I • I) I ps Per m i x i s .  ‘ l ht ’ l’55 0) 1’ t i l l  olht r
contributors is only mm h out  I .  5 fps per axis, (‘onsequently, in ord er ho meet the c-eioe ’it~’
rc-qui rcmeui t , some rne ckmin i -/ mit ion i mprovern c-nh S had to he founoi wl i ic ’h cc-ill reduce the
u- -s of t h ( - s( ’  ‘‘top 10’’ c ’ons iderm uhily (from -I . 0 1 0  2. I; fps) .

‘ u f f i t i  i i  uu’d m ’ u -c u -ce of t h u ( - i- II  fou r  o t i i u ’m  n c- e ’hmin i  t : m t  i c on i mi - i pl ’tu e ’ o ’ r - i - m o-n ts  , m c ’  ludi  ng
~ u - l  1 — o - ; m l i h  m’ m u t i o u m  t o  ‘~~u l t e eh  I f i  lu c hanges t h a t  c ’ o -i’ e (‘XIu(’c’tt-d tc) y io’l d t h e -  mcc l ii i  re-cl one--
t h i rd i m l o r u o v i - i n u ’ n t  In  1x-m ik u ’ i i s i - m i u l u -  u’ i i i s  e’i ’ l u o t ’ l t y  u n - c u r s  ( f rom -1 , 6 

~~~ li e- i ’ m ix i s  to
3. 0~, ot her t h m i u  m - o , t m m t ion of ( lit- i nst ru  ii  c -~;t c lustc ’ u- . ‘I’his iuit-ch m uni zmmti on him ici be-en
t e - st eu l  on N5 7 ,-\ — 2 , liv r u u t : i t l o u n  of th e- entire ’ sv s ter r i  c i  so de-g mi t  abou t six ok-gre-c-s pt ’ i’
se ’t ’u u u u i  I - It r(’sU I t ’ ui  h u m  pu is l t i o  in u - n  t’ o 01 ’ t u e m fo u ’ n u m inc e ’ iii  t 1c orek ’ I’ c) f 0. 1 mi m i pe t’ hou m’

(‘ 1- : P r m u t  p inch  eel oc i ty  pe m - foru i i m mnc e in t he  oro l t -r  of two fps peak c’e lox- ity error fe -mr (he
f i r s t  I - I  h orn rs of n m m  c ig m it  ion.
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Bc-for t - pu r su ing  mu ha r olee - mm re tIes ign c-ha ngc , cli  sc-u ssi ot is we-re be lch w i t  hi U .  \ I - mi n d
in th e -  S t m m n o l m i r o l  N : u c ’ i g ; u t o r  ( )pen I- ’o rums on the  f i rmness  c-if the  c’elocitv requirements .  ‘lim e
eu -! cit-it v rt ’qu i r e - u n  c-nt was eons li ic -r e -oh c -c ’ u ’y im portmont mmci no rd mix titi on cvmms fort l coun ing.
In fm i c - t , the ’ Stanc h mird  N : u c ’ i g m u t  ou’ r equi rements  cee-r e  ~~~c -  m i t  m m sI ig h i t l v  I igl it er  c ’miht e’ t h m m n  t he
M I ( ’R (  )N Phase 2 U INI 

- Specif icmit i on  ( ( ‘ I)RI  Item \u 7) u ’e-qt t i u’ imit ’f lts .
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Si t - i c - c -  i n—i  u ’ u i o o u - n t  u ’ ot m u t  lo in  c e’ mms t h e -  m u i s t  ( ‘ o u s )  u - f t c - c - )  ic - c’ m u u i u I  I t - m i s t  - o ( - b o c ’ i i u l o -  1)0-ti c) i ’ h u l i - m ’ 4
m o - i n s  oi l  n i t - u ’ )  ini ,~ t I n -  l ’ h im um ’ z o ’  2 P c e - l i s - i ty  u’ e qiu i  l’c ’u n c ’n t  , mu s i i uo l v  c e m u s  c -on du cte ’i i  t o )  t I c - I  o ’ r n u i n o ’
if t ho u’ INI’ t ’ omit ~lu i b e- F t -  I o ’ ~~i~~n u ’  I cc j t h i  mm r u m i t m i l  t - oh  i l i s t  i ’ u m n u c n t  c i t o s t  c- i’ . ,\  u t e - s i L ~i- i : i I ) l ) r o mm e - h  c c - mis

o h u ’ ~ 01 01)0-i ceb i it ’h -~t i l l  j i c ’ i ’ t u i i t t e i l  t h ì e ’  I N ) ’  t m u  i - i - i c - c ’ )  t h o u ’  1 - 1 6  c-tic-elope’ r t - c i c u m r c - n i ( ’ m i t s .  h - e - ; u l e i : t —
t i l i u m— cc - u- i ’ (- u n a m l e -  - o f  u ’ff e e ’ t s on c’nst of ou \c l i ( - i ’shl ip ,  ~ec i gh1 , i ’e-l i m m l u i i i l c ’ , I h c r i n m m l  o l e - s i g n ,
sc’ bi ( ’o l t l i e-. m i m I  t ’o ui t t ’ t ic ’ t  t - u o s l . ,-~s a i’(-sutl l of t h u - s e -  s t u d io ’s  e’c -mm lu al iom s , t b o t ’  c ’r ro u r  m u n m i l y s i s
i’ u ’s u t l t  s , m m m l  t I - i c ’  u n v i c ’ I i l i i i i ~ c ’t’loci(v r’o - q u i r - n i e n t  , it ce - mis dec-i k’uh 1 b t m it I lie i l l s )  u ’u ,n en l
c - I t t  ste - i ’  c~ coal I ( i i -  !— o~~t :  l u ’  I.

\\ ‘it h I he ’ - h ;i o’~c- l o u  t h e -  rout m d l  c’o I iii t oo h e , I lie sv st (‘ni e’rromi rs \ c-ert - no I ong ( -u t - h t t  r :i et c-r-
i / c - u i  by t h e -  e-t’ t ’u )r m i i i m i i v s i s  pt ’uo t~i’:t n i .  ‘ I ’ b - i e -  n i m i j o r  p r o gnmi i n  i’ec’i siu )u i s  t m m u i o l  u l o - r i e - m o t i o m n s  (if
e ’i ’ru r n m e o lc-l s for ti - me ’  remit m u tc ’ m l  b , \1 - I l’equi i — c - ui  t o  I ) r oulc to ’e -  muu i  ( ‘ri _ emil’ m u n m o l v s i  u-i for l b - m u ’  rot m it  c - i l
I \ l ’  n e r o —  sutbist mtntimi i . Sinc ’c t h e  N T m 7  i l m u t m i  p r emic ’ j deu l  ceii i fidencc ’ ( l i m i t  t i - i c -  ( ‘ h - P u ’ mm l ( ’  i n c h

‘iocit  \ l)c’ l — f u ) l ’ l - i i md u i ( - ( -  r c -q imir ( -ment  S CC oei l ol h(’ c -o m for tm uh l v u - i - m e -I  cc i l k  ) Ic e -  i’o mi t m i t  eul  in s t  r ome-nt
ut ’ Iu~~t er . it cc m i s  c -e u u ’i c - l u o i e u l  t hat  it cc is  tic - i t  ( ‘ o u s t  eff ’cl I e’e to u p e l m m t  t t h e ’  c ’r r emi u ’  m m n m u l v s i  s p i ’ogrmi i i i .

2 . I — 1. 5 Sumno : u rv  m u n o l  ( ‘c m n c l u s i u o i i s

The oni c’ pc-rf oi’ i-m ìmuiice chm i rm u ct c-ri st ic ce h i i e h  cc mu s c ’xp c-c ’lccl t o  Ice - out s i d e t h i ~’ Phimose-
2 l~ reqeiir (’uo-i(-nts cc- m is c-clot-it ;mceurmtc’v . hIs’ mmu k ing m ul h cu s t nic ’ui t S Iii t ! ’ u ~ luim se, 2A c-rror
un eoclel s (to chimi uige fromin i ~eI i- SG -‘ t o )  I’~’ti .\ i c c e l e - r m i t  ion s t -n su u i ’ s I i n c h  u - r i - t i m’ 1 ut iu i ~jt’( s (to o
r e-fl c-ct ic -sign i mpre mi c ’u-u ii e ’ i i t  s minul ic-sting i-c-stilt s), t h e  c’xpc’ct c-il ))e- ;il -~ e n  s e - u n b u l e rmn s c c-I o ) c - i lv
err ol ’ ec t is r e - c lu e - c - ui f re m ni  7 fps to )  c _ -I t h is pci’ m m x i  s. ‘l ’h i c - i ’equi t’ e ’ii oo - i o t  u~ ~~~. 

i i  i p - — pc-i’ m i x i s .
fly t m i L i u o ~ m i o l v m i r u t : m g e ’  e mi f ob serc ’e-u l I- ’°d \ e- r roo i -  c - h L i i ’m u ( ’ t ( ’ i ’ j sl k’s ’, m n c l  , ‘u - - - u ’ u ’ i e ’ n t m m t i u m ~ ( h - i c  l - ’’c I , \
c - Ius t o - u’ , t h u s e s t i m m u t e ’  c e m u s  fu i ’thc ’ m’ m e ’clu cc - d to I . ; i ps pc i’ m u x i s .  ~e1 l - ’S~ —~ - l i — c ’ m o l i h u r m i I i o n

~c a s  f l o u t  t ’xpeett ’ol t t o  result iii mm s o g n i  t P ’ m u i i t  I i I l I ) r d u c - ( - l l l e n t  in e ’ e l o u c ’ i t v  m m c - t ’ o t  i’mm ( ’ , ( ‘Omp m t re e l
) o c  I he- o u n c — t h i r u l ii np l ’o i c ’e -i iiu -nt l i t - i - u  c-i . ‘t he- ern Ie emi th ot ’r c-oust t ’ f f c -c ’ t ic - e ’  i i i c ’ e - h m m i r i i z m t (  i u u n  c ’h mm ng e

h mi t  coulu I be- c - x h ) -c - t u - m b  t o o  v i  u-i o h  su f f i c ’i c-u - mt c t-I umi c - i t ~’ m i t - c - u  ra e-v i t i  pt’ oc’ e- in e iit cc mis t’c m i t m t t  i eun  of
t h e  I n s t  r u n e - u i \— ~st-ni !- lc’  ( ‘ n i t  ( l . \ ) ’ ) .

l : m s e - o I ~p oa - i  I - :I ’M te st  i’ t - — a a l t s  ce - i th  t h e -  r o t m i t u - o l l . \ l ’ , t h e ’  p e - m ’ l c u i ’ i o moi i c - c ’  i s  ce-c’11 e c’ i t i i i i i
I b O o ’  I u h m u s o  - 21 1 t a n c b  St mu a tt i’d Nm i c- i 4 : m t  c c i ’ o i ’ o’o l i i i  u ’ u ’ u ih - f l t  5 .

2. 1 . 2 I N )  - ( ‘ I  S I i u ’ u - i f i c ’ m i t i c u i i

~-‘.n t N t ’  m - — i u o ’ c ’ i l i c ’ m m t i o i t i  c e - mis  ‘ h °  o t t o - I  ee’h i e -h o ’ m — m l : u i u l i s k t ’ c l  o l e ’ t m u i l  I N I ’  l u n c t i o u n m t l ,
j iu ’ u ’ i o o o i t o : i n o - u - , c - lu - c ’ )  i ’ i u ’ : m l , m u u u l  1°~~ —‘ i c ’ m i h  ‘ ‘ ‘ o ) u i i  ‘o ’ i i ~~,m-fl~ mm m o u i u l  v u i n i ’igeu u’ m i l i o n .  I b i s  i n e - I u o h c — d
c)c ’ o ’ m ’ m i l I  I N I ’  i’ u ’ u ) o u i l ’ c ’ l i u u - n ) s m u ’ — c’, e - I I  a”  - o - i i i  i’ o ,Jm—~’ilot ‘— Ion ’ t h e ’  c m i  ‘lo cus n i c u d u l t - s  m m c l
~u l i o - l o - u i i u  -ru t s of t i - mo- I N ) ’ .

l ’hi s  tmi u - - k cem es m i o ’ u - i o n i j o h i s h o - m l  t~\ 10 t ’ t o o t ’ m hu g the -  l t u - v o ’ s s ; u l ’ c m m i i ; i l v s u - s , t t ’ m i c h u - c o t L ,
o -c ’ m m l u t ; m t u o o m t s _ m a u l  j c m m 1 ’ t i t i u u n i u i i ~ t a s k s  i t o  u - s t m t b i i i s i t  t h o-  I N E ’  c ’ c u i i f i g u ,ur ’ ; t t i o u i - i  muiti mc-o 1 uit’ i-uno-ult ~~.

‘I b i s  ta sk cc m os  ( ‘ u o n o h i i i ’ t u - c i  m a u i  I _ h i ’  I’ , l ’M  I N E  ( ‘I  I ) u - e ’ u ’ l e i h i n i c ’n )_  S b m u - i ’ i f i o ’ m i t i o u u  i \ - h 0 i i I i l ” ~l )
ee: u m — su l i mmit o-o l mi s (‘I)Hl , dmitmi lte-m ,- \ t I t i ’~ i l - i  N o u e c ’ m i , c - u ’  P 0 7 ,5 , ! ‘ k i m— o — i i u - e ’ i f i u ’ m o l i o o u l  c c a m -
i’ o - e m ,  - ‘ ,‘, u-e l  m i t  t hu I i c - u ’ o - n i l , o - r  1975 i n f o o m ’ n - ia i  c b s  ign m ’ u e ’ i c c e ’  m i m i i i  f o u u i i o l  s m u t  i s t ;~~’ l o o i ’ v -

‘I ( c  I N I  (‘I s i f l - t ’m In ’ ’ ion t ic - l i  i o u - s  l ice-  I’ . I ’M s~ s t e - u - i d  p t i i - t i tmouu i mig ,  t u t i e ’t i c c n ; i  1 re quir e- —
h f - h I s  an t i  o b ’ P m i l e - d  o - \ i i - l ’ i i a ,  t f l h o - u ’ ! : i o ’ u ’ ~~, ‘I ’he - m k - t m i j l c - c i  i’e ’ujul r e ’un e ’nt s t om ’ c- m i t - h  cot ’ t h e-
t u i u c t i u u i : o  i m u  u ’ i - m o o-  i ’ m -  e - m i u t i o e - u ’ : m t t - o  I i m ti -me ’ dc- I _ m u le-e l m b - s ign  sj e- e’ i l ’i emm t ie ons which ume-  e l isc’ us sc-u I
in the - k o h l i ) w iu ig  s e - e ’ t m o o m i  - ‘the’  st stt ’iii is I’~ r t i t i u , u i c -u I  h u o t t o  the !‘o l l e uwim - i g  u ioa j c im ’ fun ct i o nmo l
mo r e - m i s :
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I — ‘- l u  ‘ m ’ b m m i u i j c ’ : (  I h l o u i i m - , i n~ ( ‘ t i l t  — ~u I I I )  -

2. Sc m ml o ~u n l - l c ’ c ’ t  u’ ornk ’s  I ’ n i t  — S I - 1 ’

:: _ I n — i  i ’ i t i i u c ’h O . \ m - m s o ’ i i i l t l c ’  i ’ u i i t  — l A b ’

I , l ) o ’ t h i t ’ m u i u ’ u i  I ’ i ’ u u e ’ o ’ s m — o o i ’  b ’ n i )  —

t b l p m i t I O tt)  b~~ t h ‘n i t  — 1 0 ) 1 ’

u ; _ l u o c c e  o - i S u I h I u i \ ’  ‘m ‘n i l  — 1 5 h  -

1 h o - d ’ o ’  1 m m )  i m u l i s h l b )  o o h  t h o m - - u ’  u u it mm mu ra l mu s s u u o - I  m u t e - o h  o x )  ( ‘ u — m i m i  1 l iii u - m ’ ( m i c - u s mm u - c’ -m hoce n i l - i
I i L ~ti F o ’  - i t n c ’ (  i o ) n m o  I m i i m m  ~ i’ m t u - mi o i l  t h i t ’  I N )  - i s  shoee-n i n  I ” i g t u r c -  I .

‘I ’ iie - IN t  ~‘l s i m ( - ( ’ i i i e ’ m i t i o u u i  i ’ o u i l u i ) i u i e - S  t i - me -  ( ‘o ) i l t l ’ m t ( ’ t s t m m t e ’ u n e i i t  oi l  o, o, 0 0 l ’ I \  \ j u j u o - i l t h i ’ , I
i’ e - u j i i i r t ’ i i i i ’ u u i m - -  ee - i t i i  m ; e ’ m u i l m i b i t -  I - ’ — 16 c’u,’c~et i rc -u ioe ’t i t s  i n t o o  mu u n i f i e d  s e t  t o t  t ’ u ’ u l u i t ’ o ’ l d d o - u : i m - _ ,

,-\ n i m m  j e u u ’  m m c - t i v i t c  e e m c s  t i - i c -  !‘e - p m u r t i t i e u n i l i g  o u f  ti - me- sv s t -ni  tom m i t - c - u  o n - m n i o t m i m m t c ’  th e -  1 — 1 6
l’om ’ iu u i m m ( ’ t u ) m ’  m u u u l  t i ’ : t n s l m i t i n g  1 — 1 6  e ’x t e- m’ u i m c l  in tc - i ’l ’ mi c ’ e ’  i ’ c - o p _ t i i ’ c - u u i c - i m t s  i mo t u .c o b o - si gt o
i ’t-qu i ‘ c  In c - f it s  -

A l t h u ue t g k not s p e - e - i f i c m m i l v  mm p m m t ’ t  ou f  the- t N t ’  ( ‘ I  s p c ’ c - i l i e ’ m m t i c u n , t h e -  mm i- u - m t  of de - f i n itiu n t
ou t mu t I l l ’  F p hi lo i sop hv pe- i ’u ii e ’ m ot - o i  t i - me-  s \s te - in s  e-n g im ic ’c - t’ing m i c t i v i t v  - ~u I m u x i  mu u i i  use ’  -c mi s
i i i  m o u l t -  0) 1 li l - ; o o t ’  1111 1- m t u m i l c ’ s i s  h m i s c - o i  on i i e - t m u j l c - u h  t u i l u r o ’  moc k -s  e- i ’ie-c ’ts m i ,n mclvs ts  ot
N 7  7 u ’ i e ’ e - t  i- c o n i c  s t o o  o le- c  c- l op a lILT 1’. ~thi1c,soji i iv  for the dc sf1,rn m o n -as  to folioc e ’.

i — :t I N I ’ I ) o ’ l m u i l  I ) c - s i gn  S p e ’ c i l I c ’ m m t  iou - is

bta— (’uh ion t h u  m ’ e ’qui l’e lou ’n t s m u r a l  o - u i n ( i m ~m m i’m u t i o n  u ’ ,st m i l d i s l i c ’ i i  be ’ ) hi e ’  E I~~
’
~u h I N ! ’  spt ’( ’i  —

i i ( ’ m m i j c u m i , c l t ’ t u i I u - u l  o l o ’ m - i g n  spe ’o ’ i i ’i e ’ m u t i t i n s  c c o - i ’ c ’ p i ’ u ’ p m u r c - d  ut i ’ mi p ~) i’ d ) p i ’ i m m t t -  s u i t o ’ I e - i n t ’ i i i s
c u t  t h u  i- I > \ 1  I N I ’ . ‘ l ’ h i o ’ s o ’  m — p o ’ i ’ i I ’i c ’ m m t i o u i s  u - s t m o b u h i s h  l ’u u i c t i o n m u i , p o ’ t ’ I t u m ’ m m u u - m t ’ o - , c - I c - ct r i c ’ m i l ,
m u u i u i  i - i l - m e - s i u - : m  I u’ t - e~tt i ro - i - i t o - n t  s mu ra l c ’eni f igu u ’ mut  1 cm .  I ) o ’t m i i i  o le  m - mj gn spe ’c ’i f i t - m i t  l ou i s  cc- c- i ’ o ’

i’ m ‘ p mo l u  m i  l o o m ’  t b - m e -  l u u h l o c e i ng 1’ P \I s e u h o u ’  lu h i t s :

I , \ l o - - h m u r m i e ’ m o l  h l o i t t s i n g  (‘ n i t

2 , ~— c d m - i 0 u ’ l i i t mri m o no l  \ I t ~~o l I — I - o - t  t ’ m o u i i o - m-m \ i u u o h i u i c ’  ~SI - ’ l ’ ’ s I m u r a l

:; _ ‘ I ’ i u n i n u , ~ mm c l S o - o 1 d i u ’ i i c - i n g  eb o di i l c -  s1- :i ’  3~

I . Siu,~n : h  f i t ’n o- i ’ m m t e n ’  m o r a l  M e - n o o n - c  ,\ i o c h c m i o -  SE t ’  - I t

S . li -is ) u’ tm m oiu flt A s m — o ’ i i m b o i v  I ‘n i t

i e - u’ e n i o e t u ’  r

7 • I ‘ c o n e  o ’ ti e r  Motluk-

“ . I ) mmt a ‘l u ’ u — ni 111mm1 Moohule-

0 . !~O -c c u - u ’ ~ u t pp I’ I ‘n i l
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l o t _ c u  n - i u i a i  ~- v o l e ’ ) m i i  I o l e - s i g n  spu t ’i  l ï t ’ : i t  i o u ’— c e o ’  l ’u ’  c ’ ( i u i i l ) I c - t u ’ c l  m m m i  c l i  sI u ’ i h u c m t  c-i hit’  in) ‘ i ’ t i m o  I
h u ’ t t u - i ’  o l i t u ’ i n g  t h u  pe ’i ’ l ooi  t h - o ) h n  I i  \ u u c c ’ n u l c o ’ i ’  1975 t h u ’ umi cugh I - J m u u i c u m i u — c ’  1976 , I - i n m u i

u ’ i ’s u i o i n —  c m i  t h u  l u ’ )  m u l l  d l e ’ m — m i g l d  sp u ’ e ’ i t i c m t )  i ons  cc u ’ i ’ u ’ o ’ o o n d h i b o ’ t u ’ o l  m o r a l  c i i s (  u ’ l h u i i t u - u I  c l u e i n g
i h o ’  ç uo ’ r ’i u o o l  l ’t’ oo i , i  2 l” t ’bou’u: o z ’i’ 7 9 7 m ~ th s ’ough 29 \ pi ’ il  I ) 7 t _

I ) t u m i n g  i n t t ’ g r m i )  ieo u  ou t  t i u ’  E I ’M , i n m u i n t e - n m m n o ’ i ’  emi l  t i - i c - s i -  c i ( - t m u i  I o b o - ~~i gi t 5 1 ) t - ( ’ l h o ’ m o l  lori s
e°, m u s  p c t ’ t u u i ’ u ~~u ’u l  on m m o ’ u f l i ) i f l u t u i U s  i i ; u ~~j s . ‘I b is  ce - mus  m u r o - u u u n j u i i s h e - c I  lot’  t ’e ’ u l — I i n i n g  mm r n m o s t o ’ i ’
se - i o i l  m - - p o ’ o ’ i t i c ’ m u ) i u o n s  t u s c ’ o I  i n  t I n ’  lnt c’g u ’ m u t i o u - m  I , m u l u . ‘ I ’ h i e ’  o l u ’ ( m u i l  c I t - s i g n  - - m h u c - ’ i f ’i o - m u t  ions c e o - r u ’
i t— m u - oh i i i  o - o n l i t u i t - )  ion cc i t h u  t h c ’  ( N t ’  ( ‘I SI )o c ’ i I ’i c m u t i ooui t o o  u - v m m l t u m t ( o ’  I N ) ’  pei ’i o i ’ r n m m n c - o -  m m c l
in t o - m I m i c - u -  c ’ u ) l n l ) m i ) i b o i i i t c ’ . ‘I ’he ’ sp c - e - i f i c ’ m m t i o i i i m-m c c - c -u - u ’ u’ u - o l — I i n c - u l  ce- h - m o -n  o - u i m ’ u ’u -c ’ t i \ - u -  m u c ’ t i u u f l  e e m o s
ru- c 1ui  Fo ’ I t o n  t u t u  ii hmi ruIn mu i’u ’ mu n ch sln t’i Ii c ’ m u t i on i’u ’ qui  u- c - i - i - i c - f l )  s t o >  m i t ’ h i o ’ e  0 ’  ( ‘ o ui ) h ) m i t  i i i  I i t v .
I ke ’ s I n - c - I  t i c - mit  b i n s ce - o ’ i’ o ’  m i t s u m i  u’ c ’ i i — I i n c - u l  ce ’k c—u it c v m u s  o i e - t e ’u ’ i u j n e - t I  t h m i t  i in l) i’o m c ’ o ’u i ) O ’n t  5

o ’ c c t i t o l b o o ’  l t i m t i h u ’  in  t h u  s p o o l  i’i c m o t i o u n s  1 c  rru oi ’ e- m u o l u - e i t u m i t c - i v  o u r  e- u o’ i’e - o ’ t l c ’  sp c ’c ’ i iv  l’ u ’ e 1 U i r o ’ —
u m o a i t s . I lo i s i’ o ’ o l — i i n i i o g  ic ’ )  i c - i t \ ’  cc - mi s  c ’ o u n i p lu ’ t o ’ o l  i i i  I ) c ’cc ’iniuc i’ 1976 , ‘I ke - o l o - t m i i l  o l o - s i g n
sp t’c’ i  f i t - m o )  l o i n s  n- i ’ l l ’  ru — ( c p u - e l  mm cl t’u - — i ssue-th in t u - l’n m m liv in -I m c u ’m u a mc’ m m m i  i- ’o-h mi i ’umi t ’c- 1977 .

A t h u - i  m i l l  t i c - s i g n  spe-t ’i f i t - m i t  l o in  ce - mt 5 ui oit p r e ’ I ) m u  r t ’ ch  lo t’ t h e  i ) P t ’  he-caus e mu (‘1
u b o ’ e o - I u o p inu ’u f l  m - m p o - - i l ’l o - : i t  ion lou’  t I l e ’  1) 1’) ’  l , - \ - ) U i i o ) 9 ( b  ce -mis l ) i ’ o ’ p m m r e -oh m u n o l  s u h o u n i t t o - o b  in
N m c ~ u ’ i u u b o , ’r P 0 7 , u  m d i —  ( ‘ l ) R l ,  ol m i tmi  i t t — n i  ,- \ 0 0 0 l u ; _

2 . 1 _ I ‘\ h l ) t l ) e ’sl~~ui l ) e - c c i o u p  1 m m ) )  l o s t

1 1 > 0 0 c m  r e -c u ’ ip ) oil  t i - m o ’ \ I R ’ I~( iN Ino ’u ’i  im o I N m o c ’ i g m u t i o u r i  ( ‘ n i t  Pm ’ e - h i i - i - i i n m m  i’e’ l ) c-e -o- lo pn ent
Sp c ’c ’i f i c ’ m u t l o i n  o h ( o ’ I I ) , A u t c u n t - t  i~’~ prc -pt ~ i’ o -o i  t on  I i i s tm u  l im i t  ion (‘oflt i — emil l ) r muc c’ i  ng I I ) r m m e c i n g
Nc , 1 0 2 1 1 — I l l )  m i t - p b - )  ing  m i l l  t l i o -  p k v s i c ’ m i t  i ro l o ’u ’ l ’ m o t - o ’  cha t’mme ’ t e 1- 1 st i i ’ s  m o f  t i - m o -  ~el h I P

I ’ i g u t i ’ o ’ S i .  ( l i t ’  u h u ’ s i t ’ o -d m o o ~t na’ t o”m of ’ f lu e- ic ’s ign  :uI t - r n : u t i i ’ o’ ,’ pz’t- o’iou ,s J~’ inc’ o ’ s t i g m u t o  oh
o le t u - lug  I ‘ l imo so - 2 ,’\ - ‘~ i - u - c - I f i t - m m  u’pe ) i’mit c -e l  i n t O >  t i- ic ’ nc-c e’ l’o mi i’lii fm oe -t  o) u’ mu n o l  ( tic’ i u iho mi i’o l pl’ e)ti It- ,
I- ’i gu i ’e- o ; , ce m u s  mho’r icu -u l _ ‘I ke- pi ’n t i i n i n m m  ry lmi vou t cc - mis i’e’ vio-cc ’e-ol m u m - m c i  cos t munm mlv se ’m- m
i nih e m i t  i - o h  ( h o ’  u ho sign c e m i  s on 1 m m  rge’t

Stu’u ’ss  an a l c s i  u-i , i - i - mass  propc- rti c-s ana l ys t ’s , anti  tht’rmal tonal se-s etc-re-
pc-rfu r i iiu - il for tin - IN I’ . ‘I ’hc ’ t ioe-rm al  an aI ~-se’s ami d time ’  u’ o - su lt i n g  I :  PM the ’ i’mal dc-si~~
m i r e ’  c l i  s -us ,--u -d  in  o l e - t m i i l  in  App en ohi  x ‘el . i - ; m u  rl~- t h c - r m m ul  mm mii st-s ind k- m i t  c -oh t k m m t  c’e)nt rO) 1
of t he SI- ’) - rati o iu l c- — , re’-qu i i’t ’uI I_ c - i miieet uk-s ign  requi rements , c v e miu tlo l  be miccompi i si- ic-ti
u ’n o)i’ P e f f i c i ( ’l i t l \ ’  i f  t h e  heat( ’r s eve-re i n s t m u l l c u h  on the  SI -~t ’ hom u rd s  r a the r  t h an  on t h e
M - c - hmmss i  s. In m u c l i l i t i o n , t lit ’ si- ;t - 1/2 m m m l  1 ho muro l s  cc-crc- i’equi m’ec l to )  i-ic elect r i emi l lv
i s u o l m i t e ’ c i  [r oo m c h m i s s i  s ground potent html  t vh i h -  r c - t m m i n i n g  the forced mi I r heat exchanger
o - m u p m i t u i l  its ’ in t he ~C 1 I I I  - 

. This  rt-qui re u h a spe - i m u l  f m u i m i r i e ’ m u t i o n  pro eeoicu i_ c- in the  othercc-ise
st mmd i gh t f o mirc v mi  m e l c l i p  i u r m m ’ i, -o I c -h mi ss l  s s t ructure- . \ ‘e ’it h except ion of the i s o l mi t  ci ra i ls
l o u i ’  I u ’mst m i l l  i ui g t h e  Sh - 1 ’  modu lu -s , t i - i c  chm us s i  s is  d ip  b rmiz ccl  together  cvi th  mmii m t  egrm ml
e’i c l u u s e - o h  forced m m i i ’  heat exc -hmu n gc ’r .

I ’m ’ ~eI i l l ’  e - hm osu-  is inc lu c iu s i l l  t i - mo -  1i i iy ~ h e - m c i  mm ii e ’ I t -c ’ t r i c - m cl  a i r c ’ r t t ft  i n t e ’r tm i e ’ t ’s
i n c i u t u t i n g  m in d mu I i g n m u - n t  Pro ic is i m  o u i s  m ind  c’onne-t ’ton ’ s 1ot’ e-st ’r i ii c ’d I) the ’ t i t  i’e ln t - l i t h e)mlcd

s 1 o o ’ u ’ i  t i c ’ m m t i o  o n ,  t h u  e ’ l e - c ’ t u ’ i t ’ m m l  I nt ( -r e ’einh l ( ’c ’t  b o o r  t h e ’  I N t l  is mmc ’c’ o i u n 1 o t m s h o - d  c’ia mc hi ’m mi st c - i ’

I i t t c - r e ’ u i i n e - c t i o m i n  I l o o m tr o i  ( M I I I )  - I b i s  M 113 is jiictudc-d in the- MilL ok-s cgt c c ’ t t o o r t  and has
mi i i  t he -  u fit e- r’nal m u -  i’o ’onne-c t ing e’ t u l i l i n g  a t t t i c ’ hc ’ o i  - 1”igure’ 7 shoce’s the ’ MIII  le ss - m u i u i c - s  -

~‘\ u ’ O ’ C l i ’ m i O o f l  to t h e ’  l n t t - l ’ t t i ( ’ c -  o i l ’ ( be ’ M I ! ) ’  ee’ m i s  m n c-orpo i ’ate-ci m o s  mm i- u- suit  c- i l t he’
St to n o 1mm i d  Na c ’igator  Appt -nc l ix \‘ , II i’t ’e’ i sit)fl re-ce-i e’ecI on 6 ~J ti nu t m cv l 9 7 u ~ Th i s  is
r’t - f l i - o - )  u - o h  in th e ’  Inst m m I Im ot  ion (‘ont i-c-il I ) rmiee’ i ng 1021 I — 1 1 1  ‘‘A, ‘‘ ‘l ’hc- -on lIgurat i on mi n d
lou -n i  i m i  c - to i’ u ’ u - u u : i  i~~u -eI  c-c -inst ant tint i I 6 A pr i l  1 ¶ 17 6 ce’ho’n Autone ’t ucs he-ca me’ mice mi re , by

p io v s i t ’t i  liv t-he’ c-ki rug t in  F — 1 6  t i l t - c raft , t limit a ma i o o u -  in to ’  i 1’e- t ’(’flce c ’Xi s t e - u i  ht ’tcc ’o’e’n the
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‘el h i t  - m m i i  I m u i  u’ cu ’ ; i f t  st i’uc) cu i’u . Au - i i t - i - i  i - i i c ’ c h i m i t e  r u - v i s i o n  cc m i s  imp i  emen leo l  to  t h e  r e mm r
o o f  t l t o -  e ’ b u m m s ’ — i s  n h i t ’ k  m o l s i )  im I ) r t ) c - e t l  n i m u i n t ; i b i i i t ,v o ) f t h e  M i l l ’ . ‘I ke i t  r c ’v iSiOn c)f
10 0 2  1 I — I l l  o I ‘i~~u u-c- ‘— t u ’ef lc-e-t s t h e  fo rn  fmm c-tot’ cuf t h e  ‘el I I I  - f m u h r i  emit ci to  mo-ct t he
i n s t m i l l m i t  bu rn  l’u ’qeu i u ’c ’ oh .

,- t t  m i l ) I ) i ’ O ) \ i  m m m l  o le’ l i i i  s s m i m u -  I i  ni t ’  o~-\ )mi i’ i 1 1 ¶) 7 6~ , t h o l e - r i  siOfi  \C mu s n i m u e i t -  to prox-e’t’tl
c c l i i i  ( l i e ’  u b c ’ s i g n m  m i t - m c i  l ’m o l m i i ’ i c - m o i e m i n  c u t  mm r u u t m m t i n g  MIC II ( IN o N 7 3 )  t c o  ru ’p lm m -e ’ t i - mo ’  nom - m—i ’o t t m t i n g

c- u ’ s i o u n  u N 7 2 ~ . - I - i - i t -  l u - s i g n  i u n I ) m m e ’ t u - u l  on ly  t h e  i o m i i c e m m t ’ol p u i t l i o n  c ) f  t h c  M I I I ’  e t h ic-h c -n c - ic - is o ’ s
t h u  IA ) ’ . I ke - u - m c u n — i ’ u t m m t  ing  l A b ’  cc - mi s  d o - I c t e - d  mi t - me l  m m t ’ o t m m t i n g  lAP ce-as i n s o - r t c ’ c l .  ‘t he-
Spin eie , l en’ F ho -c -h  i’oni c-s h a u l  l u - i  i~~- b e - t ot  e ’ih ~fl 11)0- t ot — ce m i t - oh s t -c - I  i on 0 lo u t  o u f l ’ h -  u - omit mit  i ng
I~-\ l  m u m — s u ’n i h l v ,  -\ t ee - is )  e ’m o psu lc  m i s s c l u i o l V  c v m m s  l u t i ’ o c h t t c e - o l  m u s  mm u i - i t - t i n s  o u t  u ’ m o s i l y  p r o—
c i e l i u - m g  t he ’ - le ’o ’t t’i c- mi I i n t o ’  i’l’mm cc- I ) c- t ee c - c -n t i - i c -  ‘el l I t  - mm n d t i - ic ’ I~\ I - ct - it  hio ) c ut  p u’ oslu o- ing oh rm i g
u - i n t he ’ L-\ I - m m n o l  I n h i b i t  iu - mg t h e -  shock inomiunt  i u s u l m m t o u ’  suppor t ing  the  IA I ’ . I” igu mu’ ¶ 1
c i t -p i e - i s t i n -  N7: t  M I I I ’  dc -s ign  ce - i l k  l i- ic- I ,A l ’  in  p l mi co ’ .

1-’mmhu’i c ’m it ion , m mss o-inlmilv , m m c l ec ’it ’ing ol’ t i-ic ’ n o o n — m ’ o t m i t i n g  ( N 7 2 t  \ I I I P  ce - mis  O ’OP I ) l ( ’t c - ol
in - h u n t ’  197 1; an d ct - mis  u se ’ol in  E I > M  in te - g i ’ m o t i o - i n  t o - s t i n g  u n t i l  cou-u p k- t i o i n  ou t  t i - me ’ m - o u t m i t i n g
o N 7 ~i i  M l l I ’

i - m o i u u ’ i c m m t i o u i , m t s s c ’ m i u I v , m i n d ce - ii ’ing omit  t he - i’( u t m u t I n g  M I I I ’  ce :us  r o o l n i m i l o ’ t c ’ e l  in
August  1 97 0 ; , ‘I ’h c- e ’omp lc t c- c l  M i l l ’  is shoee-n in  Figure ’  10 I front c ’be ’cv ) munch  I-’ig ur e- I i
I re-m i r \‘m o w  

~
. I k e -  ‘ui I I  )_ ( ‘ht i ss i  s, m m Jung ce - it Ii ot li e -i ’ i - m i m i  or c-ounpo ne ’nt s o i l  t h e -  N7: t , i s

shown in 1”i geu i’e 12.

‘I ’he - comple te - t i  N7:! M I I I  - e ’hmcss is , in t , ’l i u o i ing  t h e ’  MI  I t , cc m i s  t h e - i l  c - c- u’ e- c I t o o  t h e -
in to ‘g i-m it i c-it -i k i l o  in August 1976 . ‘I ’hi s t ie - t i c ’ i lv  r orn p l o ’t eo i t h e ’  ,\1 l I t ’  t mu sI- -
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2 Il  i \ o  ole O c t  i c , i i  0 / i ’ s  I L ~ns —
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t h u  h o  0 1  S l I t - - oH - I I t i c - i t - i - - n c u t  h m i v u -  mi i t t - : o t o ’ f l _  , \ I l  mu u- c’ ht c u n uic ’c I l e u g o ’ ) k o - i ’  ot i l k  m u t h i n
m m o l h n - s i v u -  f i l m ,  l i i i  l o d o mi i’ oI , ee l-i c -u i inst: o llu’o h in  l h o ’  M i l l ’ , I n t o - i ’ l : u e ’ o ’s w i t h  t h o- ‘ci I l l  :un ol

1- ue- ~i -o - u  I o ut~~ t h u  - s i t  h o - s  c o t  t h e -  i o o mi mis l e o  t h u  - ho - m i t  c - xc k m i  n go - u ’ .

t i n  o l c - ~~i4fl oi l ’ t h e -  \1 l I t  e e : u s  m u e ’ c o o i u p i i s h t ’ c l  b c ~’ i f l i n i n h i / i f l g  t h e -  n u t n l o o - r  oil 1 : 0 c c - i ’ s
: m n o l  I’m t t t f l h i o - i ’  ci i c - c - o h t i c i ’ u u c i g b i  h i ) l o - s _  l i - m e- ‘ci I _ I ; ’ s l o o t ’  Si - P ’ s 1 t h e - c o u gh I - c o - I t -  b um’  h o v e - i ’ s
u n m m ~~i n i t i n - i .  t h e ’  h c ’ i o u ’ i o l  c - o o n ) m m i n u ’ i ’  c - c m i n h i g i i i ’ m i t i o u u - m  e e : o s  s o - I m - e - t u ’ u i  to s t m mn o i : m i ’ u i i i o -  t h e -  be m ’n
i : u c - ) o c t ’  t o - i  o / - Si ~~i I i i  t o t s )  m i t - m c i t c i  i o e ’ i ’ u i l i t  ~) I t i g — i f l  i n s t m i l i a t  i c u u i . ‘h u t- c ’ng in o, ’c ’ t ’ I n g  u i - i c i c l e - i
‘el I I ;  ‘ 1 i ; m y e -  so c k e t  ~-i insta li e d ‘40 t- ( -ui t oe ’mi I O ) f hPo ’imi  i ’ i o l s  c ’tin imie m m c ’ ( ’ c i m h ) l  i s i - m t - i  w i t h  u ’ ; u  sc-

m i u i u h  ‘,c i l n o o u )  o l : u ! i i ; u - ,,~o - t c o  t h e -  ‘ci l I t , In h m i r O m i d b t l ( ’ t i o u m i , t h e -  M h _ I t  c o u t u l e l  h a v e -  t h o r  s o o c I \ o - t S
t ’ e l i m o  m e t - O h  m i t - m t  I I i-ic h t ’hiri o I s c u l o i u ’  r e-el In  I ) l mmc ’ o - .

- I , 2 m i t - mc i :; U t  i i i  / o - ti conin -m on hetet Cr , h eat slu - i k , m m n o l  bracket (lesign . Because
of t l e  u l i f i t ’ i ’ c - n )  e ’oi n ipounc ’u i t s  cot i  5 1 1 ’ -I , it kmm m— ’ mi d i f f er e n t  I n - m i t s i u c k . S V t ’  1 d o t e - s  nei l  i’c ’o iu i t ’ o-
t k o ’ m u ’ m ’m m u l  o ’o o i i t r imi l  s o c  m u l i e - m u l c t ’  i s  tic - it  n c -o ’ u - s s m l i ’ v , l l o i c c u - v c - o ’ , the ’  o l o ’ s i g t i s  o i l  l i i i -  S i - I ’  M l i t ’ s
CC c e - i  i t i i i o l c ’ i i i o - n t  i - c l  t o o  s t m u t i o i m m r d i z e  pa rt s I a reduce cost .

2. I ~5 . 1 S u s l m i c ’ n s i o i n  i n c h  M I ’  :c1 h - b c - c t u ’ cin ie - s  \ loe l u l e ’s  SI - I I mi t - m e l  2 1

‘ih o’r o ’ m u u ’ o -  tee - ic  i e i c - n t i e - m t l  S I iu ’ o l mic n s i c u u i  i n ch  ~c 1 t ’ M  i- ’ b o ’ c ’ t t ’ cm ni c ’ s  SMI M ) Mc c l u l o ’ s  i t -i

t i - me ’  I i > e 1  I N P , o u n c -  t o o t ’  c-: ic h c~t - i ’ oi . i- tee - h i  S \ l I ’ ’ e I  ‘ e l o m i o i t u l c ’  -omi n t m o i n ~ t i - m e -  l o u i l o m i c e ’ l n g  h y l - i t ’ i o i
c i  i - c -u i t s

N o m i m u  ‘ n o ’ l m m t  cm i’~ - ~~~ 
R~~fo l r M  oc In h o - 1 /  N

S o  u u p b o -  i o u - m c i  110 ) 10 1 m m d  ; m i j )  S u m n - m t m t i e m i n  2 1 2 , 3 2 0 1 — S u i T — I

h u b  i ’ u n t i : m I  . \ t n j t l i l I o ’ t ’  m n o l  N u o t c h  i ” i l t o - i ’  1 12 I 1 ( i — S I ) 7 — 1

~ , - u’ v ou N c - i ~c c o r k  I l 2 - 1 0 u 5 ’ - S i ) T — i

\l o o h t i l : i t u , i ’  2 12-1 2 , 3 — 3 1 1 7 — 1

\ l t  \ 1 h ) u ’ n i o o l u l m m t o u i ’  1 1 2 1 1 5 — 5 ( 1 7 — 1

\1 t \l I n  ii u o o c / u o l m i ) i o t ’  i ” j l t c - i  1 12 120—5 117—I

‘el I \ I  i u o - r u u c i o h u i h m i t o o i ’  S m i m p b o -  &- I l o o b o l  1 1 2 - l : t5 — , 5 o ) 7 — l

\ 1 i i 1 t o i o h o ’ ’~~u I 1 2 1 : 1 ( 1 — 5 0 0 7 — i

.\ b eiru t i o o n m i  I i m i i u n ’ k  ci i : o  g u ’m i  i i i  o u t  t i - i c ’  Suu-cp e ’nsiou )  m m c l  MI - 
~e1 I - l e e ’ )  t - e mi n ics M o dUl e ’  is

— l o o n  n in I” igu 1 0  I - i .  1 t u e  p ? - i u i i m i  i v  tun ’t inns at I h i s  rnoei u lt -  m u r e :  4 1) proco-ss the- s i gnmi l s
t i c  iii ( h o  - 

- h:o  i’ go A f l - i h ) I  l i i i’  I ’ m-’ t o  i i i  - t o - c ’ )  i ’ m t t > i ’  th isp ltic e-tnc -nt i t - d o n )  c~m c ’ i t v  c- c-nt c- u ’ , min d ( cmi

‘,~u ’ t i , - i ’ : c t o -  s i g u u m i l s  e c i i i c ’i m cc i l l  u - i - s  i u l t  in th e -  ( ‘h ;u t ’ g e - Au - mi j ) l l i i e - F s  m cp ~ol y ing I’ c’S t t ) i’ if l g l ’c u ’ ce-
t o  u i u m i i t i ) m u i u u  h o t -  i ’ c i t c c (  ‘ i t  l i m o -  c ’ : u \  i t t ’  c - u - t u t u - u ’ ; ( 2 )  o -x h u’act th e ’  \ I I ’\ l  s i g n m m i s  and chc- un c n lu la t e -

3,;
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m i t -mc i  h i i ’ o u o ’ c s s  t h o rn t o m i r  e - o u i i e ’ d ’i ’s  I d o l - i  t o o  m h i g i t : m l  I c y  t h -  m m i - o m i l u m i g — t o o — u h i g i t m u l  c - c u m e’ u - i ’ l c ’ i ’ ;
2 4  t o m - m o e  u I ,  - :o t i u i ht i p l o  ‘\ i t g  c _ i t  u m m i  o i l  i t  c’ I c i  ) I i i i ’  1 iv li-i  i c o u  m m m l i  i l u l  0 - \  22 mm n mm log so c~n :m Is t o o

mu s i i i ’~ i o -  c o o l )  p u t t  — I t t  I t o ’  i’ o - i i ( ’ c’S fl cc l i - l i - m g  i f l I I u l i t ’ m i  l i v  I I t o -  m i l l  ip l o - \ i u ’ m g l i l a - I  i c o n  m u  i’ m - ; u o - m - c u uoo —

1 1 1 0 0 0 I m m i  u t i  l i i i  - ‘ci II  t o o  L e o - b  h u t  - ICe  0 0  S i i s h u c - i - i s  i c o l i  m i t - m c i  ‘c i t  I- I c e - I  u ’ o o n i c ’ s  ~ci u u o l i i l u  -s l o b  -u - mt  u - m o  1,

l i l t ’  u’ c ’ l m i l i o o u i  t o o - t e e  c c l i  t i - m u ’  i i t o m l t  I h m i I t - \ c ’ u ’ s  u i  t i - i c -  t e e c o  i u i t u o t t i l u ’ s  is u-cIoo ) e c - n i t - i I i m ~e u u ~t ’ I ,3

-‘ 1 0 0 1 1 5 0  : t i r o j m i l i l t i c l c ’  i o m i o o o l u i m i t i o u u , I l l - i t o -  t I i e ’ i s i c o n  i 0 1 0 i l t i p l e ’\ s e - I i o - n i c ’  i s  m - i i o ’ e ’ h u m m n i i o  o f  I t ,
m u l h o l e  i’ o ‘— t o i i ’ o n m~ t o o i ’ c ’ t ’s  h o t l o o -  c~c’ u’ o i  i ’ o c i o o u ’ m m c l  t o o 5m ’fls o ’ t ’ o t i i r  I i o S l ) i o o n _  ‘l i t u -  h u m ’  t i t t i o h u —
i m i t o c i ’  0 0 1 i ) I u u t - ’ o i l  s\It’:’ci - mt’ o ’ S c u l l h u t  t h e -  i np u t  h i ’ m t n ~~l o u m ’ n o c ’ u ’ s  o i l  ) h t -  g v i ’ o o ( ’ h m i r g - A i t i i o h o h i u - l ’ ~~,
m t t i o l  m u u - ~ s l ìu i ec ii i i i  i- i go i ro ’  1 o . i l i c - s u -  s i g i - i m u l u — ’ m u t e -  cm n i o h i n i t - i h  ce - l ilt t h e -  l m i i ’ c - — l c o i o l  -‘ i - ~ n m i l
m i s  s i o o i ec ri mt - i  I - i  mmji l u  I ;  l o u  c o h o t m i  i i i  :u C 1 1a i - g u -  _-\ n t p l i b i o -  u ’ cc m u v o - I ’ci u—ni m i s slo ooee n to I ’ ’ igui’ u- 1 7.
- I - h o e -  1 0 0 0 1 - u  t i l e ’  c c l  t l o u  - t ’ i o mi  i’ i_ i o -  m m p p l i e - o I  t o o  u i ~o~i o o s 1 u - i g  u - b e - I  u ’oo h e - I m i m o i  l’s i s  t l i o  - m— :u t o o ’ . ‘l iii -

e’ I i :u  O ’ ’2c - h tm l  i~t i t t u c h i -  dci u ’ i t o i ~ l o i r e -  lug  i l t - b m i e - t ’oc Im— _ i p cc l i  t i - m o ’  s u ’n s o  ‘ ol o ’ i ’ i o u ’  f i ’ o i n i  c ’ mo c i t y  u - i - I - m t  - i’ ,
m u - m c i  l i m o  - I m i l m i t  - ee buc _ ’Ii i s  b u t ’ ) i t u -  i’ l i ’ o o t n  I I t o -  r cc t i  o F  r u - c t - l e o - s  t i - m u ’  I mu  i g o  - I’ lU~i~ Ti I I c o o h o  - i’ha l _~ c - .

1 icc  c i i : m  ‘ 2 0  n i m i g n i l t i e l u -  o i u i ’ i n g  t i - i c ’  i u - : t i h o o t i t  I i o ’ i ’ i c u d  i s  mm c o m i n s l m o n t . ‘I I to -  I o o o h m o u ’ i t c ’  co t ’ t h u ,

(‘ i I m i i ’ 2o ii— i C c  u i - - o i l  - m m c l i  l i m i t  c v c l u ’  oh t h u  1 0 1  L I I I  t i m i n g  i- o_ ’I c - ro ’n co - ,

l I m e -  I h i m u  u -ge ’ ~ t i c i m i u i f i e - r  c h u te Fel ic e’ m— i g n ; m  1 iu 1miu I m — t o o  SMI - 

~‘eI mu i’ c’ in feou u ’ — s p m o e - e ’  . i- , ach
si g t t m o l  ii— — o ’ t l ’ i to  t V 0 d i  S I I  c i u ’c u i t s  ( t u n e ’  t o u t ’  I I I  L I I , .  in l i h m m s e -  p c u l m o t ’ i t y . the- cu t i u -’r t o u r  10 k l l ’z
co C c i  o i l  t i h i m o s e ’  p c o l m u t ’ i t e o .  ‘I ke r ig h t  ~ I I  oo i i t ~o u t m - ,  m u u ’ u ’ s t - l i t t o o  the oh if l ’ c - r e - t i t i m u l  m u t i i l i i l l t , ’rS
ee’ imm _ - u ’c ’ t k t - ~ m i t - C-  ( ‘ co l i C  e - u ’ t e - o  I to o t i - mu - c-c ’ — s p m u t - c ’  - ‘ h u e  o l i t ’fo - e’ e - n u i m i  I m u u t o l m i l i t ’i -t’ ouu tput s  moe - c’ sent
t o o  th e -  ‘eII  \1 o i t ’ t o u i o o i u  i m i t c u t ’  m u n c h  t o o  t i- ic ’ notc h ti  I t t - u ’  - ‘I k e- notch Ii lt ’i’ m u t t e - n u  mu t t - s  ti’mc ’ Mt \i
c o o io I oe un t ’n t  ~m c t  2 3 ( 0 ( 0  I h ~~t mi n d  t’ t ’ m—o u l t s  j u t  lo c mi u o  g m c i c o  : u i t o i  i o k m o s e -  c ’hm or’ m m c t c i ’ I s t i c s  et’hi cii I o u _ ti -
c - j o l t ’  r u b  o t ’  S l i ce -c l  cc in t  u- o i l  - ‘Floe nc u t ck  Ii  i t t ’t ’  eiu t l )u t s  mm i t -  s t - i t t  to th e ’  so ’ r e o o  ne_ -tee - u i-k ec he -me
( ‘ c o u i t l t e - ! l m _ ; I t j c i f l  is t t i c ’ c ’k m t n i z e u i  l i i i ’  t h e -  c i i t f t ’r t ’n t  l i o e o o i ( - m - o  t e ’ , g . - l j f t — i o l f  m o n o l  su spe ’ne i )_  ‘I’he_-
— u - u ’ e e o  n e - t evout ’ I-m m m 4 mi u t s  m o o r  m-o , m ’ri t  to the  amuito la t c or , c e i u - r c -  ( ‘onl ’u,-i ’, tin back Id ) loux ’ — spae_ ’e
is m m c e ’ o o u t o p l e s  ku - o i m i t i c i  m-~i g m o m m l  p o m i l m o m i t y  m m t o e l  ciu r m o t i u n i  un ’ e s t m m i ) l i s k t ’ c i  m i s  i u i c h i c m m t t - e h  in
1- i g oo i c  - 1 0 ; . ‘ l ’ko  - i t t e m i o l u l m i t o  u ’ d)Uth )uts a t o ’  s o -n t  t o ) t i t o ’  c h o m o  i g -  an i p l ib ’i e- r ’  ifl 1)Ut t i~~i f l S i O ) 1 ’ f l t e - i ’ S .

‘I ’he S m u u i o p hc-  m i no l  I I u u l o h  ( ;ap S e i r n m m m t j ern h~’ Imii — j ol 1) ro mie i o l e s  an c ’ou t p u t  ce -kic k i s  mi me: i su i ’o ’
o d t h o u ’  mi e - e i — m u g t -  gmip ia-tee cc-t ’i i’ o o t o o u ’  t i n o i  e - m o v i t v . ‘l ’his s igna l  is  u o m - ~,”d o l u u ’ i n g  i u i i t i t i l j - , m u t i o n
I in t h e  h t ’ m u t  i o i c o c l eo  , an ol pi ’c u c ’ i o l e s  III ’ !’  i- I n o i i t ’ a t i o c n  in  i t t h e r  mod es . In gen eu -t i l  , th e  c n m t p u t
o u t  o ’ m o o - / i  h v h m i d  t ’ i r e - t i i t  i s  p ro i e ’a ieo l  t h m o u t t g h  tO i ) t l fl e- i’ i’ t ’ s I s t c o t ’  in t i - me h y b r i d  to th e  SM I ’M
uii oo (ltli (’ o-tu nn p c ’to ir’ ,

A t - m m l i h i u ’ m m t i o o n  d i - ~t t c r h t e n e ’ e  si g n m m l  ‘ (‘ md ‘ I ’ I ) ’’ is  sent too  th e  tc e c o mo c l u , m l a t e u’ h v l o i ’ i d s .
1 f l ’  0 1  t h e  b u t t ’ — s p m t o ’ o -  o -h - m m ouiuu-I s is m- ,e le e -t v o i  undo -i ’ e ’to nt t ’ o mi l  c o t ’ t h e  t o u r  (‘ al ‘1’ I )  select

el i  m-- ’ t i - t o ’ s . ‘l ’h I c e -  o h — t i c  r bm inc ’e  - i i g n : m l  i n p u t —  m i t _ p h u - o miu ght m i n I  I’i’eo n i  the I ) i t ’I e u ’ e n t i t i l
A u t o p b i h e u —  N o o t e ’ i i  I’ ’ i R t - r  h i v h u ’ i o I  too t h a -  S,’e I t ’ \ l  t i c c o m h e m i ’ t’ cmno ’u , ’t on’ . ‘ h u t - s e  inpu t s  e c i l l  ne - it
h -  c -o i nn -e’t eel too  mm s i g i o m m l  “~u o i c t i ’ d -  ce- l i t - u - i  t h o ’  l t o o o o i c l l t ’  i s  i n s t m i l l o - c l  iu ti~~ I N I ’ , l’Iie cou - i i I ) e ’u —
m—m u t i i o t t  in t i n -  S t - I c  ci  N t - t c e c o r k  h v h u ’ i o h  i s  O l f l d l e i ’  o ’o ont i’ci c mi i  t h e’ tbn ’e -u ’ o h i s e ’ u ’ u- t e-  i u ip o l t s  o IN ’I ’ I- ’ (
IN ’ I ’ I -  0 ;  2 , i ’ 2 — M I  - N I ) .  ‘ I ’ h o t -  Mo c l u l m t t o i i ’  h y b r i d 5 cisc-  t h iu -  I I )  L I I - ,’ mmcl  G I- ’ Icug i c  s ignals  to
I u i c c o t i o l m o t u -  t h u  lo om ’ sb i m m e - t ’  t c u’ t ’j ng m—i gna l , m m d  th e  ( I i s o ’u ’e t v  h ° 2 — M  I — N I  c - c - i t - i t t - o i l s  t he  u i i ea l u —
l m o t d o l ’  gm u i n .

l i i i -  MI ’  M I ) t - t i i o i o l ~m I m m t o o m ’  Ii~ k u - j u l  t im- ~( ’i-0 t i - i c -  tu o u r qu as i  r c ’t c - r e - i u - t ’  gc ’nt- z’ : it e i r  s i g’n : o ls
‘S°c,’e’ _ -‘SW . ‘ ( ‘  ot - —t ‘‘eV t o o  e i u - rnoe l u l :mto ’  t he ’ °oI I ’M s i g n a l s  - l’ho i’ o ’ f c - r e ’n c ’ e ’  f r e ’c iut -nc’

if- c un o lcm r e -c n mt m ul (it th e -  1 ) I ° (  . ‘I ’it t ’ Icug ic s i g n m o l s  510 m m c l  ST m i m e ’  b u t t e - r e - u i  in  t i t’ rcl t M
l ) c m i c c i c l L m l m m t t i u ’  m m m l  s e - t o t  to th& ’ M t ’M  I k ’ u n o i e b u I m u t c u u ’  S m o m o plc m~ t ei  h l o m i l o l . The’ O i e ’u i l t ) t tUI t i t t ’ t l
Mt  ‘el s i g u i m u  Ii- ’ m i t _ c’ sent to t hu , Mt ~el Ik ’nto ciu l m ( t o u ’  i - i  i t e m h~’bi’icl , which c o n tmo ins  c on l ~
p u ss i c c -  i - I c -  u i i c - n t s  - ‘I ke 0 oto tp cm t s ci this u_ - I r e_ - u i t  m i t - c - st-nt to t hu  00I I - ‘o i lk ’t - i ioocli , t  I m ’ t ou i ’
Sau t i p le’ : o i i o l  I I t u l o l  h c i m i u - i d , ce - it t-u - c- the’ Mt  M s i g n m t i s  m i t _ C -  s m o  i iop l c ’oI m u n u i  ke i th  t’cur  / / 1)
( ‘Ofly t - u_ s m m i i i .
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‘b l oc ’  r n o i l t i l u i u - \ o - i ’  see i t c h i n g  l u u i - t i c u u s  mu m ’ o -  t u u i c l c - t ’  t ’ c o n i t u ’ ool c o t  t h u s i ’ -m I c o g i o -  ~ i g n m o l s  ,-\~~~,

~‘c I ’  - ‘ c 2. - ‘c m , I- N ,- \ i ~ i , 1- ’ ,\ , \ h ’ ~ 2 . ‘I I t i i ’ I v — t e c o i  i l l I n o I s  m m j ’ o-  :m c ’ c’ c - p l c - o h  m m m l  s c - I - i t  uni t on n f l ’
0001 t I OOlI l i n o  - ‘ I ’ I i e  u l t l i l h i l o l e ’ \ o  i’ i o v i c i ’ i i h  m u i s m o  e ’ c o n t : u i n s  p m m s s i e ’ o -  u - t u rno u t s  t o n ’  s i g n a l  r o m e o - u ’ —

l o o n , I o u  o l o e i m i o -  u l c o e c  ii S oil - i - i c - c o t  the’ I n p u t  — i g l o m o l  ~, m u n c h  t o o  j o r e u c ’ i o l c -  u- ’~c - i  t m u t  10 0 10 I d o l -  h ot-
t o lu b e’ t m i l  01 m u  - sc - I - is o cl ’s —

l I t  s’e I I - \1 t t’ u m u e I ~u i c ’  s o - I l — t o - s t  ( ‘m i l )tdl u il It\ ’ i s  tllitI u - i’ I)I’l (‘ 0 It t iou m u u s h ( l o i s  ( ‘ m o h t m m i o i l i l v
i s  semi i to : i  r u t - u i  i n  ]‘: m I  I i  - 0 , 

-

‘l ’A U l , I -  SM I ’M SI- ’ 1, 1- F ’S’I ’

( ‘ / O : i l ’ gu ’  °o l u - i n i t c o t -  t o t - me ‘ l ’ i u - i i e  ‘I ’h i e ’  lu ~i 1 I - h m u i  go’ s h i t i l i  h u e  e -h c ’cLe oI l iv  c ’ ompoi t er
n u n i t u u l — i n g  cot ’ t h o p  ,~I t  - ‘ci s i cg l o m u l  s ee ’h i le  mi t eu t ’ qo m e
di st l l i ’ I i t i l i ( ’P  I - ’- t ipp l i cu l i mi ~’ t h e  c - c o mp u t e r  p r i o o r  t c o
h a i l  sp in  up. ‘F h i  5 means  cot  e - h m t i ’ go - ’ m o i n i t o u r i u i g
i s  p e r f c - i t ’m e o i  u n I v  clot  i ’ing i n i t i a l i i - o t i c m n

Sic ~t ) ( ’ tm Sim c l i  S e u c m o  ‘l’ c- ~ t Th io ’  spre e- i e ’h a i ’m oc to ’-i ’i  s t i  e-m— of th e  ser vo  5 10 spo ’ns ion
t one  Ti I - m u - i  l oop s h m i l l  be o_-heckeel  by ( - o o m p u t e r  m e m i n i t o o  u’ing

c - if  t h e  M I ’  ~e1 s i g n a l s  ech i le  ml t o or c h u e  0 h i s t u m h a n e ’t ’
is  app l iNI  by the ( ‘ cmi mj ) l mt Pi ’  pi ’iOi ’ too io to i  I spin up.
P -r I ’o rm NI oo n l v d u r i n g  In tl a l l  -,‘mit i d - i n .

( ; m o p Ncu . I mur a l N co . 2 Ml - 5U No - i . I s u n i n i c - o l  gap mmcl  Mi - 5G No. 2
Repe -t it i e’c su n - i  no ed gm u ~mi sh a l l  be n i o n i t o o  i- c-c l t o o  e’eri fy tha t

pt’opt’i’ gaps mu mc ma int m o in c-i  bmi c ’ tcvc - -n
the ’ i -ottO ’ s min d e - : u v i t i e ’ s .

I t m u  t ’ g - ‘e lco n i t c  t- ‘I ’h a ’ reotd -ii’ ( - i lm i  u - g e ’ -‘0h al I he e ’loe o m ’k e cl once eei ’rv
o R r ’po ’t i t i c ’ o ’ u  m - ’ 1 o t - o - i t i e d  t in i e  pu ’i ’ioo i h o e ’ n o c - i n i t o o r i n g  th c ’ ‘e l t ’ ’~i

s i g n a l  s m u f t e u ’  sh i n — u p .

M I  - ‘ci I ) mi t a  H eu s o u n a l ) h  p n t— -i s I ) c-moool u I :oto m lmi i  m i s , ,-\ I )( - a t t o  m u t t  i ne_i m m fl ( i  — ‘ : u l
O H ep et i t i  c e ft ic tor  ce - i l l  he m ’iu - ’ckeul tu - ir each ge-rn .

~e -i I ( ‘ i l m I o t ’ u m t i o u  ‘ I o ’ st ‘I ’ oco t l t i i ’g& mm c h m ung c -  i to pm ol’ m m u o o e _ - t c ’ t ’ s [cu r io
00 m i n t -  ‘I ’ i o n e ’ o  p r o - c - l o u i s e’ m i l i ho i ’ m i t j u n  c_ ’unj i i i  i t i o l i c m m t c -  mm

u io mm 1I’un e’ t ic  on .

- ‘I ’c u i o p u ’  rmu t u  u -c ’ ,~‘eI mu t u u t ’  S~~It - 0,l Mciehu Iu _ t t ’n ipc ’ r’u mt u i_ c’s m-chmm I I  lie’
o I te ’li -t i t i  e c - i  mc on i t o  t i e _ - c l  -

Mul tiple-xe-i’ - 3 V . — 3 \ ‘ t onch G i- ou rid Ho-Ic- r i-n e-c mu c- c rout e -c l
~~ I I ( cpet it 1~ c_) t h r o o u g h  the M t ’X  to \I) ( ’ ,

-\ 11 of t h u  ‘-o~i b o ’ -’t i - m o h ’ s  e ’ o ntm m i n c - t I  on S I - I  - ‘ 5 1 ano l  2 cisc - t k i u  f i l m  to-ch in n in g ’,’ rxcc-pt

( m c i ’  l i m o -  S u - i ’ \ c t  N o ’ t c e o o u ’ I ,  coc k le-h u h i l l i c ’ s  l h i t ’ L  l i l t - i - i  t r i ’ iin eol ou gy _ - t i l o s t t ’ m i t u -  d c I ) d ) S i l e ’ c l  t h i n
h I m  t’ o - s i s t m o i ’s I)i’t)C’l (be’ th u s t I J u u - l ’ i o i l ’  p ( - l ’ l o i u ’ m m i n t ’ e i’ u ’ d i U i l ’ t ’ol l i v  t i e - -  M t ’M  l- ’ic- c t t ’ omi n k’s i t o

t t o o st c c  o s t  — o - I t o  - e l  iC’ o- u n m i n n o ’  u .  In pa i ’h i c u l m m F , t -x c r l l c -n t  loot - mg it -  i’m s t m e i i i l  i t  and t i g ht
t c o l u - u ’ : m l i e ’ -s i nch  t c ’ m p e ’ t ’ m i t u i ’ e ’ t t’a -L in g  c o u ’ f l i o ’ i u - n t s  an’ t i t t a i n t i i m l c ’  w i t h  t i - mi s  pu’o ct ’ss_ A
o h ,  - ta l  Ic-e l  o l i - s c -  t’ ipt leo n oil i l - i t -  l i t  i c -k m o  I t h i n  hy iu t ’ i d  ic ’chnolog’ic -s  is give-n in -~ppt -nd I \ A
_\ i o p o - n i l i x  .\ m i h m — o gi c o’ s m e n  i h i ’n u z u ’ d l  l i m - i h i n g  of t h e ’  m o c - t i v i t y  inv c lv c -eI  in t he  I ’ahi’ k’mi t leo - i ,
- m m - i s o - noble’ , m r n o i  h o - s t i n g  o i l  l i - i t ’  hy b r i d s .  ‘I m u h u l e -  _ \ — l  o i l  A p p o ’n oi i x  ~-\ shoev c-i t h e’ t t ) t m t l  ~1u:inh i t y
c o t  h v t c u ’ i o h s  t : m i o i ’ i c ’ m o t o ’ c i , m m s s u ’ m b l e - c l , m ind t e - s i o ’ o i l o o m ’  I’ PM

-l :u

___ - - - .  - - -- 
~~‘



\\ ‘c u u — s t c - m i  s o -  m i m i  l V 5 o  -s \ co -u ’ u - c ’ oum pi  i - t o  o h c o n  m u l l  cot ( I t o -  h u y l  c l ’ i o I S  ne_ i SI - I ‘‘ i-i I :u noh  2.
A h i t , ’ u ’ u n m m l  m u n ; i I ~’s i s  cml  m i l l  cml  t i - i c -  s o - i t t l e ’ o u n o h t m c ’ t c o o - — e c : m s  m u s ic  c ’ u o u n p i u - h o - c l  u n o i  t i - m i s  i s  g ivo ’n
in _ \~o~m o ’ n o h i  -

‘_ I i , t h e -  m i n m i l v so ‘~~ i’ o ’ s o i l l s  iul u i  c c - m u  to ( k m m  t m u l l  ( h o e ’  t ’ o ’ e 101i  t o - n i  i - I t t  S in  t in - i— c-I i m o h i l i l y
o l e - s  1 gb g u I d e - l i n e - s  h mi e - e  ior c ’n met .

‘ l ’ I t o -  l c t n c t i u n ; i l  m i n o l  i—c’i ’ o- u ’ n c e-st s p o - u ’ t o ) u ’ u i t o - o l  c o l t  t h e -  h o v h i o ’ i o l s  :i i’ c- l i t - t o - i l  in ~-\ p p c -n t i i \  (‘

o u f  1 h I m ’ — r u -p c i i- I . h - mo e - i t  i u v i o  r i c h  lo ; m 5 i t o ’ h  ( i i ’  0 - \ ‘ c - c o  I c - c l  to st ‘-~ 0c - i - i l R ’ m t (  loon  i’o_ ’( i u i  I’d-m o -i’l l 5

‘c ~° p° - i - iou ‘~ 
I )  p u’ o - iv i o l o - s  : m o l c h i l  l e u n m i l  I n t c o  i uro mi t  i c o n  t’ c - I m u  I Ri - to  pr t - c ’i  s icon  t i-i n h i m t  Ft -Si stom u’

i’ o - u i u i u’ o - u n o - l ’i h s  m m n o l  h u c - m ’ t o i ’ n t m m n c ’ u ’ l u - i — i s .  ‘ I ’ h o c ’  c i m m i u m  s l tu u c e n in \ i i p o ’ f l c h l x  i i  i n o l k - m u t e ’ s  t i - i c ’
i ’ i - s i s t on ’ m-- h o -  o - \ h i i i i h i n g  c ’ x c o - l l c ’ n I  — i m t l o i l i t ~ - m u n o l  m m u ’ e ’  m e - c l i n g  s l m u l c i l i t v  u’ c - o i o u i m ’ o ’m c ’n h s  : i l s c i .

—~~ t u o t m u l  ccl I h r o - u -  o i t u ’ l c t c i i n g  d i m - m u -  spa i c - I  SI - I ’ I i nch  2 u n c i c h o t l c ’ s  \ \ u ’ i ’ c -  m u s s c - n i h l c ’ o l  m in d
l o S t  u ’ c l _ .\ ~) h O 0 0 t d u g i ’ m i ~) hi o o f  mu e ’ d ) l f l h ) l o ’ h d ’ O I  m e x l c m l t ’  is  shoooe e ’n in  F i gu i’ u - I - -\ p p c ’n c h i x  I- ’
h ) u ’ ( m

~’ i d b c - s  i n l o o t - n i m m l l o o r t  i’ e - l m t l i v o -  t o o  (itt- t : i sLs  i n v o l v o ’ o I  i i  h oe - t m d l o l ’ i c m m t i u m n , m i s s c ’ m h l y , an ol
t o  -‘h co t t h ie - m n c o e l o u  Ic - s. T l u -  fctn et ion a 1 m o n t h  sc m’ c ’t ’n te’~ t 5 I ) c ’ i ’ l cm i ’ m - i - m o - c l  i on  t h e -  o i l o Jc lu lc - s  ml b e -

I i ~~t u ’ o i  in  ,\ p l - i u - n c l i x  1’ . I - m o e - h  c t ’ t b - m o - s c -  m o m d u i c ’ s  h m i s  I n c - h  c m i ’  o ’~ c o ’t ’o k- t l  o l c - t m u i l  ( l u - s i gn
S 100 - c c  l i e ’ m m t  i cmu - m b’ c -u jOti  i i ’I ) t c  ‘ft S.

I” i g i i u ’ c -  1 ~~ _ S u s p u ’n s i o o n  m u n c h  M I  M l- ’k- ct i’onics Module ( S i - I ’  1 toni 2)
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2. 1. 3, 2 I m I n i n g  i n ch Sm- c o n ’n e ’ i n g  \ i c o l u i t -  SI-

I I n -  1 n o l i o g  m m m l  S o~ t h o ’ I f l ’ i l P g Mt )o tttle - t’ o I i t ; i i n ~ Ilt u ’ I’oill ouococ’ i tig hi vhou’I c i e - i i ’ c ’ o t i i s :

N c ol t lc ‘t i e ’ Ia h i  h o -  Ql) H o -oj u l Ft -oh l ’ N

I° u ’ c - r i s i u n i  ( m - v m ’~t : u i  ( ) s e - i l i m m l u o i ’  ,~- I 12 7 0 1 — 3 0 ) 7 — I
( m u h i M ou ni tu o i ’

3 0 0  k l h m ’  i t o l f f c ’ I ’  & l ’ M , ’\ I° oo e e c - i ’  Som pp lv I 1 2 1 7 3 — 3 ( 0 7 — I

_ \  I )  (‘ con ’oc ’o ’ i ’ t o - r  I 12 1 1 1 0 — 3 ( 0 7 — I

iO ( ’ H o ’ l o - u ’ o ’ nco -  m i n d  l° r u ’ I e m m i e l  ‘c I o u o h o t l m i t c u i ’  1 12 ‘— 01—3 0( 7—I

I - MA S i g n m m l  F i l l e t ’  1 12 9 , 5 — 3 0 0 7 — 1

S t i s b o m -n sic on ‘ h i n t i n g  (~~ - n o - i ’ m u t o m ’  1 12 l 3~~,3 0 ( 7 — l

S u - u 1u c - n e - c  -r  Noc , 1 1 12 1 3 0 0 ~~3 0 0 7 —  I

~-‘ u - o 1iJu ’ f l ( ’ c ’t ’  N u c . 2 1 12 l3~~— 3 i ( 7 — 1

I ; o u l o i o - r  N o - l , n c i ’ L  1 12 ,3 , 3 — 3 0 0 7 — 1

,\  comic - I  i c o n m i l  l , I c c o ’ l - , ch i m i - ,,~i ’ m u n t  o i l  l i i i -  1 1100mg m u r a l  S - o ~u o - n c i n g  M o u u h u l o -  i s  s h o c t 0 c n in
igt ot ’ c - 1 ’ , ‘I l o t ’  b o b ’  i t i m i  c’ I d o n c ’ t i c c n s  cl I b i s  i ’i t o u e l u i e -  m o r e -  I k e -  l c i l i o o c e ’ i n~~m

I .  i ’ u ’ u iv i u h t -  h oc- h c ~ c m ’ih ’ I N I  t i o i i i m g  u’ e-k - u ’e-nc c- .

2 , ( ‘o o u i C u - i ’ t  m u l t m o l o o g  ~ I g m c  h’ h o c  i l i g i t m u l  f oi ’uto  f m m  e - o o i i o b o u t t - m  m u n m o b v s i s ,

: . u, ; u - t t , - u ’ m l e -  m i l l  1 1 1 1 0 1 0 m g  ~ I g r i  I s l’ e ’ O I U L I ’ t ’ o l  t u o r  t’u tAi t ’  sU Sp e_ ’ l s i o o n .

l _  ( o ( ’ i i t ’ i ’ m i O c  g~ h o  l o l ’ e ’ l o o , l d I  ~m g i o m t l m ’ — ,

- o , I m c c l  I i  ~
‘ m m m l c - c c l i  ho !  nc si go imo  is to m u ’  ti -m e - m’c-o i u i ~‘c-d I’ o i t c u t ’  h i lt  o m i t  S t ’d h l Ie r t e ’ ( ’  -

- Pu ’ o u e t o to -  r e o t o o t ’  c i e ’ sus i o e - i o m ’- i o c n  e ’o ont c ’ o o l ,

7 ,  ( ;~- n(- u - u -  , \ o - e _ - c - I e ’ o ’ o o o c i o - I t - u ’ o ’ \ d ’ I t m i t i ( m u  s i g n m u l s .

- 1° 0 0  c o O t -  c - u n uopu ft u’ o i l  ,—
~ e - i’ c ’ t o ’  i m b i u t  g m u t i n g  -

~4 _ t~ t’ c t v i o l o ’  ( ‘ ( o b t c p eo te ’ r  o t i s ~ ’ i- c-i t-  dmu t l ) e t t  I m o t e - h - m e - s  -

,-\ r-m I M i h i  (‘ u’e sin!  os e ’ i l lu ’ i to i ’  ni’c c’ide-s tb - mi ’ ba sic’  IN I - t i n - m e -  t’e’f c i c -i tt - c- , Ni ne -  Ml I- i is
s c - i t t  to ) t h e  1 0 u ’ o h j c m o t t ’ u l  1° t ’ 0 m c e m - i s u i m  T n t  ~i ) I ° t ’ ) ln p u t / ~~tt t pUt !‘~~j ( ( l o t ’ ) , ce-hert - I k e  --l —ph m iS ( ’
cie~~’k m’e’o 1to j u ’c ’ d  lie - eloS t i r e - c o l t s  in  t h e -  t N t ’  is g o n o - u ’ : o t u - d . ‘I ’ ee’o M I I i  is l I t i l i Z e ’(l i t \  t b ’

I )  ( ‘ one - c ’ t ’t t - I’ and Susprn s  i ot t  ‘l ’i ml Itg e_ ’ne- t’ato I’ to ge ’r i e l ’ to lc  t h e -  u ’ c’ qu u -cd SlOspe l i S lo lo
a nt i  co l i c  u - m’s ion t i n i i  rig j u t e ’  i’e’aI s.

-\ll ant i log  s igna l s  to h o t -  eh g it  i / e e l  fou  e ’onu ip c ut  c -u ’  u l lo )u fl to r ing  am’ c’ r oute -el to m e m l t  i ple ’xe- u-s
low ate_ ’d c - x to  - r l i m m l  te  the ’ ‘I ’ i r n i  log and See j ue ’ne ’ing tTt oclule .

\ s ingk -  i n p u t  t rum I lot ’  me olt  ip h-xe m’s is m o n t e - o h  to th e -  An n  log to I )i g i t  iii (‘ onv e ’t’te ’t ’
w hc ’ o ’ o -  t he ’  s ign a l s  a rc ’  d ig it i i t -d  m u r a l  p l m u o ’ o ’ e l  on mu i :i l i n t -  p a i - aI l e l  bet s ( 12  h it s  s i g b t )
m o t ’ e ’ o - i - c u-cc ’ c l  t o e’ the ’  I N I ’  c’on oput e -u .

~(4 ’,

- — - - - — ;~r-. -~~~~~~~~~~~ . “-— 
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1 l o t -  i’ t o o  m’ l i i i  - - I  I S o - c  t o ’e _ O t ’ c - I s  c -c o u t i ’ u o l  I~ -ci t o e ’  t h o u -  I N  I c o  c i i i  l i m i t  0 - i ’ . I m i  I t o  c’ mg u n i t
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c t i ’ — c - oi - ’-,’— i o o h o  o c t  I - l ° \ I  h o v l o m ’ i o h  t c ’ c ’ h o n c o l u u g ’ o’

c o  ~ u ’ m m ~i: m I c i-c m— CC c’t ’ o - ‘ c c u e - b o b - I c d  con m i l l  t o t  t l t c ’  l o ’o ’ h o u ’ i e l s  eon Si-I ’ 3, _-‘c t h - i t ’ m ’  u -mn I
O I I - m I \ - — O ’ -— o o t  m u l l  c l  t h o u  ‘- m o o t  i c ’ o u u i d l i h ( ’ t o o i ’ — ‘ c m i i —  o h — c m  u,’ oo m i i b I t ’ t o - c h  m m d  t h i s  is  g i v e - n  i m

‘c l o b  100ii\ I t . b loc - - u t i mo l  c i — r i -  m o - s t i l t s  m c i  i c - m o b - I b o m m t  m u l l  t h e ’  b ’ o ’ u h t t i r u - u i o u ’ t i t  s il - i I l - i t -  r e - I  i ah i l  it s-
o l e - s i g h t  goi iou  - l o u i s m o e  C bee-n III

I t o  t O t b ’ m e ’ I l o o I o m o I  010 0 1  — d c - c-n b - ’ -— 1 —  p o - u ’ l o d h ’ i m m o ’ o I  con t h o u ’  l o v h i r i c l s ’ t I ’ c ’  i i ” b u ’ o I  in
\ 1 c 1 0 c ’ l i o h i \  ( o c t  t h is h ’ o ’ I O O i t ’ l _ I- t i c - h  l~~’ I u m ’ i o l  l o t u s  u - m o o - I  00 1 ’  o ’ ” u ’ o ’ o - o b c - o h  h o - i - I  s h o o ’ c - i l i c m u h i o n
- u o~ t I i ’ c t t ’ t c ’ l ’ u l s . ~-\ pje- i’O O h i \  I )  1) i ’ o c \ i O i o S : i o l c i i t i o o n m i l  i u - m t c m i ’ u i o m t t j c -o m i  m ’ t - I : m t i v o -  t o o  I i t ’ u ’ c ’ io ’~ion  t h i n

t i l e _ m i  t ’ o ’ ’-’ i i ’~I 0 ) t ’  i’e ’ d l O ,i i b’ o ’ I ’ i l t ’ I O I s  ‘o nol I o e ’ I ’ l o o b ’ I o - i m m u - i e ’ c -  I c - i - I S ,  ‘ I ’ h t c -  u l t o t m i  s b oco c c t ’o iu  ,\ p p o ’ f l e b u i- I )
n o ° e - ’ ’ u h u -  t h u  u ’ t - s i ’ — - t o o l ’ ’-’ : 0 1 , 0 -  t ’ x h i b o i t i n g  d - \ t - c - I I c - n t  s t m m l m i h i l v  i n c h  m u m ’ c -  b i t t - c l i n g  s l : m b i i l l t v

b ’ d ’ o l o b I I ’ d n ic e _ I t s  m l  s o t .

‘I ce ‘-m i -I ’ 3 t i i u i c l i i b c ’ m — , in c ’ b iicl in g r o t ’  ~-t b o m i r e , w c ’ I ’ o ’  m u s s c ’ i t o h b o - t b  m o b  h e - s t o o L  ‘c b th t ci h uo _

gI ’’m ~ o hi out - m  r 0 0 0 0 0 l i l o ’ t o ’ d  sI  I - 
3 ro o c i o b u l o -  cm ’ —bo co\C Ii in  l’’igu u ’ c ’ 2 00 , _\ l ip o t i o l i x  I- 1oi ’ O~~’ i 0 h —

in l o d l - m o - i m u t i d o b i  I - - I - u t i c c -  too I b o t -  t : o — L m -  j n e - o i l c - u - t l  in  t b o o -  b ’m m h t i ’ i c : i t i o n , m o s s u - u n h i ,. , m u r i e l  l u - i - I  cii

I i  0 1 0 1 0 0 0  l u l ’  - -- - 
‘ I b o o -  b I i I - i c ’ t  i c o n m o l  : 0 1 0 °  m— o t t - i - n  t o m — I S  I u c ’ t i o u i ’ i i i e ’ o l  c m I b o o ’  bl i O ) Olet b t -s mu h o ’  l i s t e ’ t b  in

,\b O I to’h ic h I \ (
‘

_ I i c - l i  - - I  t b O o - — c t i - m c o o b o i l c - —-- b i : o - — i t o t o i l ’  u - - t o o t - c l o d  u b c ’ t m o i l  o l e - s i gn s p c - c ’ i t i c m t t i o n
t ’o ‘O P~l t  0 0  - f l t c  ‘ h I m —  —

-~~

//

- - —~~~~~—— ——-
~~~ ~~~

—

I- ’igt uu ’ u-  2 u . I i u e - i n g  an t I  S( -o ~u e ’nc i n g  \ b u m t h o m l t ’  (Si b -
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2. L 3 _ 3 s i g n - i l  G o - m - i o ’ h ’m o l o u ’  u i - m o b  M o - I u o u l ’ \ ’  \ b o o o b i m b u ’  SI I - t o

,‘c l o o f l e ’ l i o c l o m i l  l o b o o e ’ k  d h i m u g t ’ mo h o o  cut ’ t b o o ’  S i t ’  - l i e - o u o b o i l o ’  i s  shioc e n mu - i  I’ ’ o g o o  I ’’ 2 1 ,  I hi-
SI-I I O : O I  ( c’ t to ’ I ’ ’ t l o o i  u r i c1  ~0 lc’ohi oo i ’ \ ’ \ I o m c b o t l u -  i’ d - d o ’  i C c - s ptm h ’ ’ o i I o - l  o b i g i t m m l  o l ; m t m m  l t ’ u o o o - i  I l i o ’  I ° h’ coO ’ c - S S O I ’

\Ic’Iooo )I ’v \ b o c o l i u b o ’  m i m i o l  o ’ o u i t o b c i u - i c ’ o l  cc i t b o  i t o l o o l t  ( b o o i n g  s i gi om ok b i l ’ o o c ’ i e l c ’ m -  t h i c ’  b o bbie - c o o t g  s i g r i t m l s .

1 , I b i h ’ c - c ’ —c ’ l l m o l ’m n. ’I u - i u o u l t m l m o l u - o l  s l o i l l  l U e d t 0 0 1 ’  (‘u oll tt ’ i o I sig t mi l ’ — il - mo1 I c - m ’ o b l o mi ck siglo moh t —

2. ‘e l o c o b o o h m u  t u - c l  o t t  I l b o r m i t  i u i n  si gt m i I

:3 1 i’ c ’ i { l b - ncv  c m u m - i m m b o l u ’  I l i e - b - m g  s i g u i m i l s  I c e - ’  M I ’ ,\ i J ) u - h i i o m o l  No t , I m i t - m c i  Sh i l l  M c u t c o u ’

I .  I- 1 0 - 0 g b  n e - c’ c’ m t o ’ i m u l c b t ’  t i r u i i n g  s i g na l  l o o t -  M t ’ M  b ) c - t i c o u ’ l  : \ O d _ 2 mon c i  Sp in  Moo lce- ’

Tm . I’ g h l t ’ o ’ b t  0 ko se ’sU - l i t  e - c o h i t I c c I  oh i m - m e’ t’o- l c ’s

o ; . F i g b t 0 0 m c i i  h u I to  t o - c l  b i t - m i t t - b ’  ( ‘Out t ’cul i- i gu m i l  S

7 ,  I - c e - m u’ 0 1 )  1 mm SI c v m i i ’ h o o — U ; )  b c - m o b - i ’  c - c f f l t t ’ o u i s

M t ’ M  m o o - m c i  I- \ l . ’c  t i l e - l u g  i t o ’  i bm- n o gt-no ’i’m o t t’ol min d Ioufh- t’t- cl con t i - mi s uii mm uh e _ m bc- . C a l l —
i o h ’m u t b o o f l  c ’ c u n s t m i n t s  m o r e -  S l o o r o ’ ( l  on this b i 0 0 0 0 l t i l e ’  ito 0 l b \  ~ I I ;  n o i n — v o o l m t h i l e -  s u - i n i e ’ o n o h u c t o r
u’ t i t - m i i c o r v  ,\ t ’ t ’ c ’  i-s t om i b is  n i o ’ I i t O l ’V  is  b y  to p i e - t i t l e - I  o h i g i l m i l  ho c us  u n i t  m t s s o i ( ’ i m o t o - d t i m c n g

sug’nm il — _ ‘ I l i c  - h 0 0 0 0 d l i o l e ’  ( - c O f l t m i i f l s  t i t e -  lcolbticc ’ing m n m o j o u ’  e e o n i b ) u c n t nt  s,

I .  dc I o o l u l m t t c ’ t I  l) :\ ( ’  \l~ O S S:’Cl ( ’ )

2 , \ l c i u l t i l m u t c ’ o l I ) ,\C I M u 0~~ I I  M I 0  (‘ ( ) N ’ h o

- “‘I i l c  ~c I o o h c c  1’ ( ‘ o o f l l  i o u  1- o ’

1. ‘I c - n i ~ m u - i ’ i t i i r -  ( - 
‘ l i t  1 0 1 1 c r

T0 . ( ‘ m t I i ( o l ’ i t m o - l i  ( ‘ o o i i ” t  T o t  “ I o o I ’ , u g o -  N o . 1 ( ‘( 5  h o

0 ; , ( ‘ m i h i b i t ’ : u l i c o n  ( o o I o ’ — l : u l i O  1— ’ I o o i : m g c - N c o . 2 I( ’(’S 2)

7. ‘cli ~cl m o nol I- ~o I_ \ I 1 0 — 0 1 0 3  t , o ’ I o o - m ’ m o l o i u ’  I -M I  I ( ; o

ç o o o m m s i l i o - l u  l’o’I i O ’ c ( , o ’ i t o - i ’ m i l o o i ’ I Q l i h -’ ( ; I  ~ cI~~S ( v t - mu N i > . I )

1. Q o m m i s i  l l i - b u ’ o ’ u ’ ne ’e ’ G o - h c - I ’ m i l c o i ’  G H I - G )  CM O S  ( ; v o - u o  N m m _ 2 )

,\ u l i s c t ’ i p h i o h  c m l  c - m i c ’ h  o i l  h h c ’ i ’ c c -  u i - i t o  l i d ’ c ’ uun p o n c -n t s  is g iv e-n iu i  t i e -  l c u l b u e e i n g :

I - Moob u la t c - d  DA(’ ( M O )S SM(’ )

‘I h i s  somhs t  u - mi t e -  I ’ d - c u ’  i\ ’ o -s  p m m r m m l h c - l  e l i g i t m t h  o b t i t t i  m m d  t i m i n g  si g n m t l s  m i n d
o c l o t  p u t s  12 un o e lu l c o t  c -el s i g’nci l s evil j o-I t 0cc u se -el  to c m l  rob the  sp in  m e - co t  o u r ,
‘i ’his  t i i e - - it i ’ m m h -  m i s c o  p o ’oviu l c ’s  s i x  o~ i s c ’u ’ o ’ t o - s  lo o t’  U S e ’  Ofl the -  t n o o h i i h t ’  i n c h
u ’ x t o  - u n to b hum t i m e ’ n ’m o u h uk- ,
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2 . M o - i i o o l m u t m - o h  I ) , ’°c o, ’ Ml 05 1 I- : M I~ _ ( ‘
~ N b  I

‘1 h im— sub - ‘ I o ’ m O t  - ‘ i ’ u ’ o ’ c ’  l e o  - S m m m l ’  l i e - b  c l i  -g o I ml 0 m i t  mu m u m i o h  i t u t h u o l t  s 12 c l - u ’  : 0 1 0 m m  lug
—- i g i o t u b i -  cl  c c hii -h u- m ght mi t - i- ~i ’-’ o ’ i b  t o m  o ’ o u i o t o ’ c ol t h u  t o ’ m e - b i c - h ’ t o t t i o ’ c ’  o ’ c o m o t , ’ c t b b o ’ o ’ s,
I l o i s  — u t - —b r t m t e ’  a l S o c  p1’ tc o m i t ’ s s i x  oI l  s m - r o t c - S  t o m b ’  U i - u ’ c o n  t b i t ’  m c u o b ’ i l c -  m o b - i l l
\ t o  ‘I’ I t m o b  t o o  t hu  - u o o  c o b u  I i ’  —

3, m — 3 o i u ’ o Mo i t o  co ( ‘ o o u t t’ o i b  I c - i ’

‘ I ’h l s  s t i h i - t i ’ , u t u -  ‘ c e - i -  l e o - s  b o ’ o c t r o  t h i c ’  M c m c b t i l m u t o ’ u l  I ) _ - ’c ( ’ M O S 5’C l ( ’ o I - - m c i ’
— 1 3 u m u l  i- S t O  i i  m o d  too h o e -un I” x cc h l e ’h  i s  to i ’ m i h o l  I I i  o ’ o h  mom - id  b o i ’ o c c c o Io - i- i n l a o t  Si g b o u t b  s

t o o  t i t o ’ b _ - \ l  SI o i u  °cb o l o o o ’ ,- \ m ’ u b m b j i ’ i t - o ’ . ‘l b - m i s  0 0 1 0 t l 0 1 0 l  i s  m o l s o c  l o t o l b c - i ’ c - o h  t i l e - i  i - c - n O
too S I - I ’  N u m , I m u u c l  No , 2 M o u c t i m l e -  foot’  c t m h i b r m u t i o n  t o m b  too ’oiu e- ob i s tu r h j m ub i c e - ,
l o i s  S u t m s t l ’ t i t u -  m o b s -  m m n c b o b i l i c s  t i - m o -  s u u n n o c ’ c b  s i g n a l s  o c t i” c’ m o n o l h i  t o o  b c e - u i

o u e i t p i i t i -  t o ,  ( l i t -  I ’ d  Sl u m M c o t i u l ’  ,- ‘ c u j o h i h ’i t ’ h ’ . Th i s u h s t o ’ m u t t -  m m l s o o  i’ e’ ( ’e’  l e o - s
i c - c ’ o l i o m u o ’ I \  — O i ~ l O m i b 5  I I ’ o o m  t i o ’  5 10110 M t o t o o i ’  o ’ o u i t s  b o o m ’ o ’ o o o e - h i t i o c m - i i t i g  a u - m ( i  ‘ t e e -  l e o - i -
o l i i - o ’ t ’ o ’t ’ m- b o o’ l i l t u - i ’  uou i m i  g m u i m - m  n i c c i l j i m ’ m i t i o o n  o o b  t h t -  c i l i t b i l o t  si g o i m i b s ,

— b o - t o ~ o o - i ’  m u l t I  i t -  ( ‘ o c lo t o ’ o i l l  t i ’

I n i m -  m ’ i l I o s t t ’ t o l c -  I ’ d - c - c ’  i c e-s i l — c ’  m o n m o b o c g  S i g b m o l i -  b o ’ o o n o  t h t -  M - o o h u l m i t u ’ o b
i , u ,- \ o ’ u,\b 05 ‘I i- ,\ l l ’ ( ‘0 0N ’l , m u o o ’ o b o b i t i o - s  t h e -  s ig n a l s  t i t e - b  b om’ o m c i d i e ’ S  to
‘- c g t m i b  I - i’ i t o - m i t t - I ’  o ’ o o l c t l ’ i i t _  I he ’ s u b m s t t ’ m o t c ’  m o l s o c  i - c - c - c -  i c - c-s I imOO’ t o l b d I
o h i g i t m u l  i l m i t m i  m m m i i i  I o i ’ m u v i c l u ’ S  mu b m o t o ’ h  l i i i ’  e - ig l - m t oh se e-o t t -  m o t i t b o t l t s  t oo l ’
i - C “40 -I l l  l O S > ’ ,

5. ( ‘ m o l i b o i ’ m i t t  0 10 (, ‘ c c u o s t t m n t  Sto o h ’m ogu’ N , , I m ih l cb  N o o _ 2

‘I t i c  ‘ m ’ o  - I C c  0 0  m — u i l i i - O o ’ m u l c  - m— cc - b - m o - t i  e - > c m e - l c i i i u - c J  i o b’ oo c ’ i o b u ’  mm IN  x 101 r i t o n e - ot titi t o ’
u 0 0 0 ’ I t o t o l ’ c  — 1 - - i - m u g >  - l o u t ’  i- C m — O o  - u i - i  e m i l  t b o h ’ t i t b d t e - O  ( ‘ i o u l s t m l t i t s ,

o ; . MI M t i h l O l  1- , M , \ I t i e - m u g  (~~-n e - t ’m u t o r  Mo ISo

‘1 l o i s  s u i l o m ’ t i ’ m d t c ’  t o o ’  i c e - ~ s i g n m m l s  m it e - I t i t ’ e - e ’ b t ’ i ’ t i t l o i n  l o u I s e - s . I t  c m u t 1 o u t s
t i t l e - l o g  s o g c c m u l m —  l o o t ’  ti m o- M I  ~ct l ) e - t r o c m m l s , Sb oi m M i o t u o l ’ , l ’ CIA I ) M A ( ’
011 0 I d i  t i l l  h o l o o o i c c ’ I I’ ~oI , \  ‘— I g o t : >  I s  —

7,  Q o c m u ’ — i  i l o ’ t o - i ’ c - l i o ’ e’ c ; - ’ u o o - t ’ : m t c o t ’  N o c _ I m m o e - b  N o ,  2

I’ . m o o - b s i i i o m ’ 1  i ’ m m l c  - r o o d ’  i c m  - o i l  i - o ’  ‘ u - to  - s, o ’ b c c u ’ k s  t o u ch to b i m ii’ m u l l c - t  cimitmi h ue_ is t o o
— _ c ‘t I i’ o ’ t j u t ’ u u c ’ ,\ ’ t o t  t u tu tog si g m i m u  I i - -  t o o  ~ol I - 

~~ - l o ’ t n o o c l u  I n t o  cu - s  m i n d  E lK-
5 1 1 1 1  M o o t o c u ’  M o u m l u l  c o te - o i  l) ,-\ ( ’

‘I ’he- S u g b ’o m u l  ( o’lie’ m - m t t o  i t ’  t o u i o l  ~-obt ,,- t i e - i r y  \ I o m o lu I t- c t ’ u~~I ohc ’~ euu i t l uoe _ m uum-o s to rage-  m i t - m e l
r e -tot  j u mu t of m u c - u m b ib u ’tm t i o o u o  c ’oon s tm o to t  ee’c u r e l ,  ,- \ c l e h i  t l e m u e - m  I ti,i n c t i c o u o s  ce - i l l  he- i ue -  ri ’o e- ’ui icei  m i s  l i m o  rt
c o t  u l i c  00 le-s o c t  op t - rmmt i on  whio-h  in v o l v e  this n oc, clu I t- ,

Si l t  h e - i - t i -  e ’ c m u l s j s t m - o  c u t  I ’ , M , -\ to-s t  fr ct pienc ’y gt -n erco t iou i mm cl t’ c tu eh ou ut .  (iutput frc ~ ot
time Sp ium ,\ l c m t o m r ’  Su bs tr : m t e w i l l  be teste o i .
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b l oc ’ Sj o i lo \Iooloo r (‘ oot ’ot i’o o l  M o o S  C i o ’ c ’ t o i b  t I e - m t  is  i i t i l i z o ’ o I  dun  S I b ’  I is d h o ’ S o ’ l ’ i h t ’ u I  i n
I’ : o r m m  ° - _ I . - ; , I - t I c  ( b o o ’  Sp in \ I o o t e m u ’  ( ‘ u u n t t ’ o o i b o ’ u ’  ( 1 2  H T — T 0 0 0 7 o  m o n u l  I l t u ’  ‘ I ’ u ’ n u b m o - u ’ m o l o i u ’ o ’
( ‘ o o u l u ’ co l b o - i ’  0 1 2  h u t _ o t T o  m o e - c -  I h c c ’ I ~ 1 1 1 1 0 1  l r c ’ i o o ’ i o t ’ - . S c u  _ \ p p c ’n c h i x  ‘c .

e c u -  i - m ’ I  t O m’ - i ~imu k’s is m u n o l  mm t h e ’  m ’ i n m m l  m m m i  k’s ii-  ce-crc complch ccl on boot h of
l b i c ” c  b i c ’ I c o 1 > ! — , 1 l o u -  I b t c - r t i l : i I  m o n m m l c ’ m— t -m - i  r e - S u i t s  t o t - S u i f l i n m m u ’ i / o - o I  in  -\ p p o - n e h i x  h _  ‘i ’ hi o ’
I’ m - - l O l l  m’— ‘ t I t i c - m - - c -  m u t ’ o m m b c ’ m — o - s  shc oev t l o m o t  m i l l  l i - i > -  o’ e l i m m l d b i t v  o l o ’ s i g n  g t m i c I c - l i n o ’ m ’  h m ov c  I ecti

t o e - I  —

‘ I h i o ’  h i n t - I  l o o n m o l  t o t - m o b  se ’i’ 0 -e ’ n I o ’ s l s  pe u ’I o o ’u i i o - d  c m t h c -  h v h t ’ i o h s  ml u’ o ’ l i s l e - e l  i l

,\ I m b m d ’ n o i  ix  ( ‘ o~~ t h i s  h’ c - b i O O O ’ t  — l’ ’ m o c ’ b t  h~’ h o u i c b  h a s  ue -e -t 01’ e -x ’ c ’ o ’ m l o ’ o b  t e s t  s l o u - e i  t i e - t o t  i c o n

l ’ c - O b t t t l’ O ’ i i i c  l o o m ’  ‘\ l O l ) c ’ h - m i h i \  I >  1e-’o m v i o l o ’ S  m u o l d i t l o u m i m i l  i n f c i o - m a t i o m  o’ o ’ I m o t i v c -  t o m  I ) t ’ c ’e ’is i h m t ti -mill

i i i  t’ e ’ i - I ’ ~ t e - ’  b ’t’m 1 11iro’l000’ fl tS m Ifl(b po ’h ’ to t ’ n l m i n c ’e ’  t e - s t u - , ‘I’lt c- e l m o t m o  - i hooc e n in  A p~e - ’ n c l i x  I )
i r o c b i o ’ m u t c  I h 0 -  I ’ c ’ i - l m ’ l u b ’ s  t O O ’ t o ’ x b o i b o i l i n g  c-x c’ i ’tj cu t  s l t i b o i l i t v  t o t - m c i  m u u ’ t -  m m - c l i n g  s t m o l ) i l i l v
i c  ‘ t I l t  i I’ d - I t t > - I l l s  mm I — - ~ .

‘ I c c  0 0  S I - I ’ I u e - c m c l u l o ’ s , ine ’ Ic o d ing  o , no -  S b ) m u b c ’ , cC- t b - c’ m o S s i ’ h i I h l t , -el  and  t o - s t e - o l . A
~u i o c o 1 c g I ’ p h of mm c ’ c m m e - b ) I o ’ I c ’ i l  SF d ’  -b m o e - l u b e ’, le ss t l tu- C a l  (‘on st u i n t  St o o t ’ m o g e - s  N o m .  1 m o n u l
N o e -  2 b i y h t u ’ i t l ’ - , is s h o oce’n in  l- ’ig oi i’o -  2 2 .  \ p lo c ’ r u o l i x  I’ p b ’ o u v i O b c ’ S  i n t 0 0 0 ’ b n m u t i u n  t ’ c ’ l m i l i v c  10
t h u  I ; o s l m- ine’ cole ’ t ’ o h  in  t h e- l ’t u h u ’ i ( ’ m i t i u o n , m u s s e ’ u e - b i l v  m m m l  t o - s t  oF t h c -  m o d h e _ b l o ’ S . ‘I ’ i i t -  F u nc—
I i c o nmo l mun c h s c - I ’ d - c - f l  t c ’ S t  p o-t ’bcto’ t i io -c I oun t h 0 -  n m c l u b o - s  t u i ’ o ’ l l m o i c - u t  in  .-\ lm p e - n d h i m ’ m  (‘ . l’ m ie’ ht
c o t  t i e -  So b n 0 0 0 l i l b c ’ m —  h - i - i t - b  0 ) 1 ’  o - m—m e ’ o ’ e - o b c - d c l o , ’ t m i i l  c I t - s i g n  5 I ) e ’ ( ’ i l i o ’ a t i O ) f l  u’ e - q o o i r e m i i o - n h s _

I i g t m u - c -  22 S i g u i m u l  G t - n c - m ’ m m l c u m ’  m ind  M - m c m o m ’ v  ‘ C h u o b t o l c ’  S1’ ’ I ’  -1)
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2 . 1 . > -  i - \ i l i d  si~~i o b ) c ’ e e ’ I c u p ’I ; m b c  l o s t

I t o -  o o u ’ b m , ~i n m o I  d o  o - i g i o  cml t l t o -  I ’ d  c e’mt m — to n c m u u — i ’ o m t m u t i i i g ,  s l i o ) ( ’k  h 0 0 0 m o i u t c - d b  i - t r u e - t i l t - u- .
l i i i —  st u - u i c t o i u ’ o -  ce- m u -  m o l s e m  mu e -c ddp l : o t t -  to m p r oe i dc ’ ( - o l u l l i m i g  1 0 0 1 ’  t h u  i n s t r i i u c o ’ i o t —, e e ’I i i c h
(‘ouI o m - - i S l o - o h  cml I ce-o I So i t-i , t t i l c - c -  l - : ,Cd , \ ’ s , S p l I t  M u i t o m ’  l - i t - e ’ t t ’ o ouk ’s , m i m i ( h  t ee- co ( ‘ l o a m-g e-
\ o to p l 0 t i c  o - \Ioudollt - s . ‘1 1th — dt -sigoi is d ep i ct e d  iii  I i -go i  u c -  23 .

‘I ’ I t c ’  o I u - c l s i i m  I c c  I be -p l o - I t - i c - n t  t O u ’ o u t m u t i n g  l , \ I  - ce- as u’m - iaeb e in \pt ’iI 19 7 0 ; , ‘ d ’ b u u -  u ’ o t t m t i n g
I ,\  I c ’ c m m i t i g o i  h - m o t I o n  0 5  sbooc e’mi in I- gb r o -  2 I . ‘ I ’ h c- o o n m t  i s  h 000 ) u n t t -d  o u i  a i - h oc-k i so la ted
u ’ i b t g  - g o - t i m ’  c e ’b o k - bo  r i c t u s 0) 01 a lo o u i —  poe-hit e - c m n t m i c t  l o m o l l  u ’ u t ( b i m u l  h o e - a u - l u - m g .  ‘ I ’ l t e ’  u - i n g  go-a r
t’oc t m t l  s :t> ;oo d u g  il - i I i t o i m o c o t e ’  c i t o  m u s y m i e - h o u ’ c ) n o e _ I o - c  i o o u ) t c m u ’  t i m - m e l  is m e - e ) n i t o r ( - d  h oc ’ m m m i  c -u c ex ho ’t ’
ec hoi c -li o ’coioomo uu k’ m i to -s ccliii the- coui iplut et’. .\ l i m i t  i-to)1) u i t - e ’ b u m u u i i s u  i s  pt ’omc’ id c - o .l too

pro c i- lit cue o ’ b ’ u ’ i e h i m i g  t i e - -  u - c - c c  i- so - p o e - n t  in  c - c i s c -  o i l ’ mc f m o i l u r u -  i n  ( l i e -  s c s t t ’m .

‘1 1w o ’ o t m m t i o o n  s o - e t i u n  w h i c - h o  som ppemrts  t b o t ’  I- S( ; ’ s, I’ \ I , \ s , m i m i d  ( ‘ h m o u ’ g c ’  \ u t p l i f i m - h ’s
i- c -q io i l’c ‘(I spo - c - i  mit  tu tt  u -u t  iou . ‘ l ’ i - i e -  C h c m u - ge ’ ,\ he -ph I i  u - u’ ‘ C I I  ,I ~ Fe -me l to  bc r - c ’ ds m ’ si gm c ’ o ’I i n t e m  m m
c - i  i ’ c ’ o o l m o t ’  e - o o n t i og’ o u u ’ t i t i d ) n , S c ’ > -  l ° mi u - mi  2. 1 , > ; . I , I ) m u m - m e l  t h o u -  I - ,\ I , \  I i i o t i m i t i f i g  su u - l ’m o c u - s  wt ’rc-
c ’b o a ng u- ( l  t r u e - n  mom - i  c m t ’ t l i o g o o o m o l  u ’ e l m u t i o n s h i p to  m m s l o i u i o c ’ d  u m m ’ i c ’ r o t m m t i o n  s l i g ’ht lc’ otT oh
t ) m’ tb o u ) go i i m i l  hoc  mu te -ce ’ ui - mi  nut c-s cot ’ to u’ ( ’ .

‘ I ’ l o u -  I SC ’s mm m o -  I l O d 0 0 0 I i t e ’ d  di  u - t - - t lv  I o u - l o w  t i - m e -  ( ‘ I - i t o I - go -  ,\  i o t p l i  F i t - u ’ s  m i n d  a u’ e- i n t e - u ’ —
coun t  ‘c-It ’d c i  mm t m - i  ax cmi i  o l e - s .  ,\ I  I I .-\ I - i n k -  r com m i c -c t  i cons  ci u -c- c i t m mu t ee-i st c m u p s i u l e ’  ce -It ic h i
into h ’ l m i ( ’ o S w i t h  t h e  M I R .

‘lie -- b u n e - t i o n c m l  1)1 c)( ’h di ago’a b of t i e - ’  I A t ’  is sh iown in 1- i gu ro’  25 m i nd  i I l u s t  u ’ m u t c - s
tb - m - I \  p c - i -  c l  c - I c - c - t t ’ I c m u l  ink -t ’fcic -t ’s  b t i m u o ’l e- th io ’ o e_ mgb i t b - i t -  t e e - usE caps i o l o-  t o o  t h e  ‘c I I I .

l - m m i o m - i c m m t i o m u - m  of ( I c - t mm i  I pmu t - t s t o ) o t b - i c ’  r -ot at in g l,\ I - ce’as s l u t  u’te ’d in M m m v  I 9 7h .
‘ c t - i s o - m i m i c  moo - mel  cvi r ing  oh th e -  I , \ I ’  s t m t u ’ t e ’ d  imi - lum i c’ mmn (b ce’a s com p l e t e d  in  - l i l l y. I- i t

(-hP( ’k S cd t h e ’  I :\ I i tem t h u  M I I I  roota t ing  c - c - i - i - inn)  cc- m i s  m i b s o m ac-cu u ro p l isboc-d in -h u e’ .
Iii ,-\i i g t O s t , t h o u ’  I , \ I  wi u - in g  cc ’m m s c’ o ’ t i t ’i o ’ d  m i n d  t b - i > -  I : \ I ’  e e ’mus d t - I i e - o- u-ed to tb - me ’  i n t e ’g r m i t i o n
I t o h  . ,\ plo c t e g u ’ m u p ho 0 ) 1 ’ t h e- cut e -p Ie -I t ’d I .\ I ’  is shoce-r i i n  I- ’ i gu u - c- 20 ,
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2. 1 , o ; • I I ,-\ l  1:1 c- c - i t ’d) i l iCS

‘ I ’ I ou  - I .\ t ‘ I ’ I c - c t  i e m ~i s  om,-ons ist ol ’ t he -  (‘ I -m c i rge- ,\ n ip l i I i  c u’ I - I e’ct o’onics ,-\ sst -mbl v and
t I n -  Sp in ‘ C b u o t m u  u ’ i- Ic-cl m o um ~i o s  ,-\ ss e - ln l o Iv  ( se-c l- ’i gi- o u-c ’ 25) . I’ m oc bi  oh ’ t h e - s o  - t o s s e - h i i b ) [ j  ci- is
(Ij 5( 10 sSe’(l i ii I Fi t ’ lot b owi ng pa rag r m ip hs.

2 . 1 • I . I • I ( ‘h c o r g o- A m p l i t’k- m - i-Ic-ct roni ci- ~
-\ sse-n ibl y. ‘I ’ht ’  ( ‘ h m u  r’gc- A 11mp h Ii c-i’s

pr oc i t l t ’  m u p r u e - i  si on c - I o m u  i-ge t o )  t i - i c ’  c - I c - e l  rode-s of tb o- N SC’s proportional to Un - i-i g u n  I
at the ’  ( - hm u 0-ge’ Ampl i l i t ’  r input .  A to tm ol  of 1( 1 (‘ 1-ma r g -  A mp h i f i t -  r h yb r i d  c’; (‘ccli ts are
r c ’q eu i  r e d  pc - u ’  l- b °M i-c st ( ’I i l . ‘l ’I - i ( ’ ( ‘ l imo rgc- A mu p l i fi ers ci t - c- packaged on tee -c) M 1, 1
The - CIta i-ge- Au -mp l i I i  c- u’s u - c - c - c - i  c-c- the-  modu la r out pclts f rom the ’ Scmspe-n i - i c o n  cm nd ‘ C I I  -

i- :l c-ct roui ic-s \b o dulc -  mund  tb - i c’  p r eb omm d sign m ll  f rom th e -  ‘li mu ng mind  Seque-n t - ing M o d u l e -
in t h u  S I - I ’ . ‘I ’Fu e - s o-  s i g t i m u l  s co re- shoccii in I - i  g’u re 101 . ‘I ’h t i - c  - si glico is cc u ’t - co r n h o i  no d in
th e- e-ha u-ge- amp l i fi c - u -  c c - tue ( ‘fo rm tiS shown in I- ’igu re 17. A pu lse a mp h i t i t ( l ( ’  m od c ml tu t  ion
tio n c - division bYm cll tip lt ’x s c h e m e ’  is mc-ch anizc ,-d to app ly re -storing to u - c -u - s  t o  thou- rotor
mind too so-usc - m’oto r pus iti  ou~ ‘I’h e- foil r m octu I mito o oiot put s ci re ic- m c  in  l i t >  - u ’o ‘a ( ho out
pc n ods , d u r i n g  ce - I - mi d l  t i m e  ci com stant cha rgc- (prc-ioad k-c e- i ) is app h ic-cl  t o o  t boo-  ge u o
c-I c-ct o-ode-s. The- p1 mote - voltage dci t~ ing th i s  t I me’ t h e - r e -  to r’e dc’pe ’m-ods u pun t ho ’  o l i s t m on e -  e
he-t ee -ce-n tb - me-  p late -  mum - mel  rotor. \\ ‘hc -uu tI ’o e ’  modula tor  outputs c-i u - c- non,,c’ i - i , to u - c- i - too  u i ng
I t o  u - c - c - is i > t - i n g  app li c-el t om the- rot c) u’ i>ec - um c is e the -  plate- ce—I - mi ch is fcm I ’ t he - m -  f o - on i  th o - u ’ c m t o u
u - c -c t - i c - e s  a h m t r - g c - m  ,- h m t r g c -  t h m o n its opposing p lc ute - .  The- polco o’itv of t l i t -  c ’ homm l’ge is
o - c-c - c- o-s o cl c - c - u - u ’  50 mit ’  u-os e’conds . ,-\ pe riod of s i x  ni ic-m ’osc ’c-onds is m ci  l o eve -e l  f omu’
c- Fe-u u - g o -  re - c o r ~~u I , ‘lu u - l ug  cvhich ti mc ’ t h e  plates m’ o’ ( ’ e- i  c -c ’ i c ’ r c i  (‘ht l rgc’ . ‘l’hu s, c - m u c h  SI)
bit i(’ I ’o o > -c-c)ncl i n t o -  u - c - c u b  i s  o h i v i  ded in to  s i x  microseconds of ic ro  c - l i mo  e m - i  - , 12 In i e - I ’ m ) —
st ’c- ce -oe l s l o u t ’  m-e -a do c ot t u n d  32 micl’o) sc-conds for forcing.  A h i g h  c c l t a g ’e ’ p ocve- r supp ly is
I - c - q o o i  I t  - d lot’ t hc -  (‘l imo I’p,u - Ami - o p li  fi c- i-s w i th  ce-ave -form s m is  s hooeei in h - i g c m  r(’ 27.

Th e ’ C b o m i  u - go -  Amp i i t  i t ’  m’s ck-sig’tu,’d f o r  I- I o \ I  were- t h e ’  l o w e - s t  ost c u i m o f i g u  u - m o t i o n  tha t
c ’ o u to ld  boo ’  do-c usc - t I  ce’hk-h i c -oo i l el g l e e  s m u t  i st c u c t o  re op e-t ’ a t iom .  ,\t  Ond’  t i  ti le ’ i t  \C’m i s  t h ought
t h c m t  t b - m o -  I l o o m u t i n g  u n i t y  g m t i n  hu ffc - t’ could I - m o -  e l i m i n a t e d  in t he  ( ‘ h m u r g c ’  A b e - ph i l b  m .  I , m u t e ’ m
t u - s i t ~ s l iow o -d I h m mt  t i - m i s  g’c u c ’e -  e x c e ss i c - c -  l’oz-c - — p i c-k ofh ’ c e nup l in g.

Thu ( ‘ h m c r g c -  .\ uip l i h m e - u -  s cu i i s t u - c u t t ’ s  c os t ’  t h i n — t ’ i l n t  t o - e ’ i im - mt ) b o ) g \ ’ m u s  d t - t - - o - i ’ i I o c - c I  in
,- \ p p e - u c l ix  ‘C .  As sho o w n  in ‘ i m u h l e -  ,-\ -— l o ut  ; \p p ( ’h i ( I iX , \ , mo to u tm ol cu l ’ 20 ;  ( ‘ i i m o m ’ g o ’ ,\ I i i p l i f i o ’ l
h vb ) r i d s , i n c ’ l e m c b i n g  10 spcm re -s , w e -re -  l ’c o b i r - i c m i t e d , m o s s e u i o l o b u - u I , t o u t e d  t t ’ st c ’d .

,\ t h o u ’  e l i o t u l  t i n m u l c - o-u is  Wu oS Co)ndUc’ t c’(i 0) 11 m u l l  t h e ’  s c ’ o t o i c t o o i o l t o e - t o u ’ s  w i t l o i n  t l o c -  Chml o - g e -
A m n p l i l i o  m’ . Thu i - c - s t i l t s  of t h o u —  t u n m u l ~’sis sbo ocve -d t h a t  j o o u i c ’ t i o u n  t o ’ m o o p o - m ’ m u t u u ’ c ’ s  ce- c - u - c -  ce - c - Il
i ou - b ow t l o c s e ’  a l lowe d in tb - me-  u - c - l i a b i l i t y  dc-sign gu i d t - i i n c - s .  ‘I ’hc l’o’ S i_ i l t s  co re ’ sloocvn in
,\ p p e - n o h i x  N .

‘lit i- > -  ( ‘ha  i- go- ,- \m pl i l ’ i o ’  r E l m - c - I  u’ om n i c -  , \ s s c ’m vo io l c  mu deole s , i n c l u d i n g  omi t ’  i-pci t c - ,
cc- o re m u — s e - m I m I  u -e l  m ind t o - t - ’to ’d.  App u -nd i  x I - p u - o m e i c b e - s  i n f o o - u o u m i t i o n  u - t i tot i c c .’ to ) t i - mo t t l  sks
i u e  co d ~~o (f i u ’o I t o h  m i - i c - t o t  I c o n , m m — s e -  me - I t  Ic  , ne-ui test  o l  t h e -  ni odu t o’s .

‘l ’ I o o -  ( ‘ I - i a  I - g o -  ,\ m i o p l i l ’i o i’ h i v l i m ’ i e l s  mom - md u o - i o e l c u l o ’ s  c e o - u - c -  l’u n c t i o m i o m o l l c ’  m u m o d  S c ’ m ’ o - u ’ n  t c - s t c (i
pe r t i m e -  spt - - m l  i e m o t i o o o s  l i s t ed in \ p p c - i o d i x  ( -

. ‘h ’h o ’  p u ’ n l o r - m n m u m o c ’ e ’ uI t ho ’ ( ‘ b o m u m - g o -  , \ m n p l i l ’ie ’t - s
h o cu s l u u - o  -n m n m t s t : u n d i m - o g .  ‘l ’h c’s o - ( - l i m i t - g e ’  ,\ mp l i t i c - i - s  h c t v u -  l i e - c - n  p u - u v u - m i  t o  l i e ’  not su l o b  (.‘c’t to

I m u t c h  c-p am - mel t h o u -  d c - s i gn  is i - i  m u p h u ’  m - m o m - m e l  h o - s i -  c -co s t  he  t h a n  mu r o c ’ pu c- c -c- ch ing dc-s igli. ,\ p iot ) t ( m g ’ r m u p h
of m m -omp l c - b  oh  0 ‘ h i m m o ’ g o -  \ n t p l i f i c - r  mod ;olc ’  is lco cei t in  I- igu i-e-s 25 c m nc l 29.

ut

—r-- - — ‘ -



AGE 
_ _  _

250V— 1

50 V

oV — — — — — — — — — — — — — —

~
5OV_ r 

1

I 
______ _ _ _ _  L

250 V

oV — — — — — ——
-50 V

-

— 250 V —

NOTESm TOLERANCE OF SET POINT VOLTAGES - 1 5%

h - ’ig ~o r m ’  27. 10g b ‘C c m l t m u g ’e \\ ‘m u c o ’ I ’o e - ’rut s 

— - 



I - ig’u re 2 -‘-~ _ ( ‘ F oc i  rge- ,-\ be-p hi  f i c ’ t  ‘c l o o d i oh t ’  I” ront S ide - )

/ 

- 

-

I i g 0 0 1 ’ o-  29. ( ‘ l o a m - g o -  ,\mnp li l i e -u ’  M odule fla ck Side ’)

0 2



_ _  

I

-Q

C-)



z
p

i_ _c,’ - 
,

4

-
-

-
‘ 

0

- 

‘; 

r

s~ AAl~~~~~~~~~~~~~~~~ 

- 
- ‘

,A ~ 
‘

~“~~~~~~~~~~~~~~~~~~~ -~ -- __1~~~~~~~~~~~~~~~~ ,,_ 
-‘- -t— 

.— 
- ,,

‘I’. 
- 

.
cy 

~~~~~ii
U

0

- 

~~~~~~ 

7,~, 
~~~~~~~~ - t - - - -

S 
— 

4~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,, : - : ‘ ,;: -~~~ ~~~~
-

-

-
‘

- -

‘ -
-

‘- --h -

~~~

- -
-

-
-

~

‘

-
- - - - -

~~~~~~~~

-

p 

0

C 
-
~~ 

‘

‘ 

-~~ - 
- 

——



2 . 1 • u ; _ I . 2 ~~ in \ I o t u m ’  1:1 u - c t  t ’Omu i d S  Ass emb le ’ .  ‘I ’h e Sp in  Moto r N he - ct o’oon m e-s
,\ s su  - b e - h o l e  c - un tm m i t - i s  th u  powe u m u t o pl i f i e ’  m’s , ge’ m u  ie-ott )r c’oi I so - I  c- ct u - c-I  t o y s , m ind sp in
oiic ) tc )  m’ puc e-c’ I ’  omi ooh  f i - c-I  m m\ s u ’e-qu i i ’ c - d  to d u ’i c c ’  t b 0 ’  ge m’o sp in mo tou’s .  The - Sp in  ~cl coto u ’
I - I >  e’t m’ i ) i i ic’5 , \ s s c ’ o o o b o h c  i s  e - o n t t m o i n e ’ c l  i u  t h o m - c e - p m - i u t c ’ ( l  c - i r e - t i l t  hc mum - d s .  ‘ l ’ b o c - m c ’  mo m — c ’ tee - m o

Sp in \Iotoo’ I ’ ic c- c-u’ ,\ utop l i li u _ -o ’s 1 1 0  N 12 7 5 0 — 5 0 7—  I m u m u l  — I  l o  mi mic! com i c ’ Sp in Motor -  ~‘-l l , f l
,- \ s s e o i l b u l y  l~ N 127 53 — .507k. T h e s e ’  t bo u - u - c -  Sp in  Moton’ I - :k - c - t u - o ou i ie - s  su h m o s s c - n i h l i e ’ s  mu hc -
i - ho ow e-i in  l ig’cc u- c’ 30.

1)01 i’b ng tb - me -  t i c - s i g n  b ) h o m i s t ’ , t rci d c c d t  s t u d i o - s  cc- u - I’t ’ t’ u u i c i t i c t c ’ c I  t (o d i  to  - miii b o i o -  t l te ’ I o e e c - s t

c’ m t i - t  t im i d l i - mois t  u ’ e - l i m c l o l c ’  e ’ont ’i g u u - m o t i o u  l o o m ’  t he -  sp in l000 u t c o l ’  h ) e i e e c ’ l ’  a m t t p l i f ’ i e -  l’s . I t  ccm ~~
c o o n e ’ t o t d o - c b  t h m o t  t o b o o ’ i d gt ’ stcogc’ scot -It  mos  tht it Usu’ (I 0t h h o c -  b ) u ’e ’ c bo O s 5\ i - t o  lit N 7 7 j  c c m o s  mo ot ’c-
c ’oo u ip he -x  au ’o d I t  ‘ss o ’ f f i c i  c - m i t  t b i m o n  a c’ote - l ) l o -  i c o c ’ n t m o  re 1)00cc ’ >’ 0’ st mug> ’ . The - c - o m p l t - m c ’n t m u  I v
1)0CC C t ’  s t c u g o -  i ’c - qt u u - C - s pos i t i  c c ’  mind  I i e- g ci t i  c- c- po\e ’c - I’ -001 1) 1)1 i t ’ s , hut  t h i s  is  g e - n o - i - t u t u - e l
i - i ~e-p1v hv ‘t o m - t i  fe iro g 10 ( 0 I i i  poce’vI’.

The ’ Spin M o u t o  t ‘cl I - H ,-\ sse-mhl  e ’cunt c i lo is  corn ’ b o v b o  u ’ i d  c-i m e - ill t ( Sp in Th otco r l ° oee’ e- o’
I’ m ’o ’ — \ r n p h i f i c ’ I -  m u u d  l o g i c , I ’  N 12 S2 S — S 0 7 0 .  Th i s  k - l o u - i d  c i s c - s  t h i c k — f i l u-n t e ’chne ilo ogc’

m i s  d o - s e - e b b e d ill ,- \ p p t - I i d i X  \ .  ‘I ’b i o ’ c ’ o -  Spin  M o t o o u ’  I ’ mec - - o ’  l ° b - i - — , \ inp l i h i e ’m ’ m ind  I og le

h vb o  i’i cii - 0 in  c ’hcu d i  ug t ec o i-p ci nt ’ s  c c c  - re l a l ) r i  c’a t o’ d , m c i - s t  - I i i  o l e - o h , co ol t e s t  ed .

‘I ’ e c o o  o a t h o t t  t h o u -  t h o o ’ o - o -  so, t h o m i s s e - m h l i  c-s ce ’hoich m c ol-mo -  omi j )  thou’ Sp ib i Mooto l’ I - i c - c t  romi i cs
: \ i - 5 >  - m b ) i v  so - c -  I - i gil u’c -  30 ° t , i n e - l o , 0 0 l i b i g o) I’Oc ’ spm O I - u ’  o - c o c h , ce- u - I - i - t k s s e ’ I O l h u l t ’ c h  mind  t o - s t e - c l .
:\ p 1) t ’n o h i X  V po’ o ’o e i d o -s i n t o u ’ b l i c o t i oo u o - u ’ d c u t i c  t ’  to ) t h e ’  t m o s k s  inc ’ o u l v t ’d  in  t c u b o u ’ I e - m u t i o o u ,
m o s s o - t o i l > l c  , cin ch te st it  t h u - s o -  s o o b o t m s s c ’ I e - I m l i o - s .

Thu Spi ml \1 oot o i ’ l - h o  c - I 0-0)0 -m i C’S ‘c i-sc - i t t i  ol l u ’ s  c u e - t e l  t h >  - Sp in M o  o t t o  I’ I~oce’ c- u — I ‘ m c  - — ,\ 0101 )1 0 Ii O h ’

mo e - i d I ( o g l e ’  b o c b i i i o h s  cc- u - i - u -  l t o n ( ’ t i o u o i m i l l e ’ ’, i m i ( h  s e - r e - c - n  t o ’ s t o ’ c ~ d o o r  t b o o ’  s b o o - e i t o e ’ c i t i o r o s liste d on
,\ ppo ‘n o h i  x 0 ‘ _ :\I 1 t b o e -  t ’ o - q c o l u - u - 1 000 t o t s  - m m l l  c d  out i i i  t i - m o -  o l o ’ t m o  i i  o ho ’ s  i gl-m i - b o o  C’ i t  ic’ mu l 0 0 0 - m s  c cc -  I ’ m

m i t  l i e  f i t ’  Sp in \ I o l o o m ’  I I t  c t  i - u t i l e - s  ,- \ s s e ’ I i o b o l v .  l i - i  m o d d i t i o n , t ’otoo’ s p i n — U I ) , ht ’ t , m o e - t e l
l i m ’ m m k c -  t o - s t i -  ce - c u - c - e u m m i d t i e - t c - d  tom - i  l o s t  S t m u t i o m  l \ ’  ce - it h t h o c -  t oh i oc e - ing  h ’ t ’ s t i I t s m

I . H o t e o r  Sp in - — t i p  l u sts — I - t o o ’  l~ 1~- 1 9  m u m p s  mini -  i l l  the ’  x — c onch  c —ge l - i >

c-i c i i i -  m om it l 
~
, 1 . 1 m u nips i-ins in th i c - ‘,— e ’o i I ce - it h i 2. I a nops dc f e - c e - u  t b - i c -  po\ ct-  0’ supp ly , mu

o ’ c i t o > r  s~t m n — t o p  t i I i O O  ccl 7 i — c e  t o  27 ( 0 ( 0  o’psi cc-mi s c u e - h i l t - c c - e l .  ‘l ’ l i t ’  o b o - t m u i h  o l e - s  i g’ro

~ I00 u t  t i c ’ t o t  i c o m o  i - c ( ( I l l  t o  c m spin —to p t i  i - moe ’  o i l  1 (0 so - c ’ .

I ~io too u’ l I e - m c I  0 - i - I s  — \ \ ‘ i t h o  mu / — c ’ o o i l  c - co u - u - c - I - m t  c i t  - c . I ci hiO ~~5 i~~ os , t l oo - i’o o too i ’ l i t t o t  m o - m g
I ’t o 1-  cc mu s I t o  b ° ° i “ u i i i m i , c vh o i  c - h - i  i s  ce - c-h i  e e - i t b o i  n the  do -tmt i i  c I t - s ig n  5flt ’( ’ i t u e - m t t i t m n  i’u’ ~~t tI 1 0 1 1 1  o m i t

l o t  ~0 0 o m  i 0 0 0 i  hO.

3. R o t o o u ’  U r , o k e -  l u s t s  — I i i m ’  l\  t c 3. 2  mu le -ps i ’lVm s ~fl t i l o  x— c on o f  ~ — ge u - co c - t ool s
m m m o o l  I 2 . 3 m u i t o p i -  u o oos  iu i t i - m u ’  i—i - o i l  c c i l h ’  a I 3 d e i t y  c - c c - I t -  i n  o ’ m u e ’ b o  - o o i h , t h e  o - o t u o m ’  co m u s
h m u ’ ; m k c cl  t m - o h i o  2 ,55 0 0 t ’ps to I c - i - s  t h o m o n  2 o’ps c e - i t bo i o ’ o 50 s o - c ’ . ‘l’h- - ’ o l e - t a i l  d o  s ig l -m s b o u ’ o ’ m  t m e ’ m o t m o o m ’ o
re ( l i t 0 ’ > -~~ o ; I s o - c’. I i g o l  m o -  : 11 s h o u u c e s  t ico spin cbc oce ii p u - o u t d o
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2. 1 . . 2  I \l :\ Design l ) ev e l op  l a l )  ‘lest

l’ht i :  \1 .\ ( It ’S go a 0 d t v  IOj)f l lef l t  Ol )j ( ’Ct i  Vt ’S we rl

l~~ d U t ( d  p l ’o ( IU(t i o f l  an ( l  o~vn e r s h i p (0515 .

l a s t  r( ct i ( )fl pe i~fo1’flia fl(’e \Vh ( fl tWa t e i l  at  5 0 1  01 i f lU t ( ’ .

:~. Improved stability and repeatability across the expected severe MICR ON
efl~i r onment s.

I . l a  1) r i ~~~ t ion a fl( I c V~ ii ua ti on of t w o  A 77 M I:  ng inec ring I )e vel opm ent Model s
) I : l ) M ’ s) a f l I l  six , \ 7 7 M ’ s for  th e  M I ( ’ I U ) N  I .  I~~I sy s tem.

The .\ 77 E \1.\ N77 Vt ’  I’SiOIl ) design ~va s m od i l i e ( l  to a (Idrcss t lleSC object ives .
The mod i f i e d  design was i d en t i f i e d  as th e :\ 77M I: M A .  The h ig h— c ost  component s and
act I V i t  I C S 1 p rocess  i n~ and  t e s t ing i  of the A 77 t I  MA were iden t i f i e d  a fl( I the pro j o t ted
product ion ~~i s~. s t o r the .\ 77 M de si go we re reduced to ~4 percent of the A 77 . Th is
( 05 1 I S  w i t h i n  2 1 )  pt r cent  of the  I ;  \ 1 A ta rget cost.

Two I :ng in  r ing deve lopment  models E 1)\l ‘ 5) of the A 77M were comp leted a fl ( I
fun et iona I a n ol p e r f o r m a n c e  ev a lu a t i o n  tests we re condU Cted.

The A 77M c o n f i g u r a t i o n  is shown in F ig u  res 32 and 33. Some of the design
f e a t u r e s  a 0( 1 mp rove ments  a re:

1 . The flexu re bea r ing and proof mass pendul urn are of etched and a bra dcd ,
low mechan ica l  t~ ste Fe si s fused silica. ‘l’Iw stators and outer cast ’ a re
of Inva  r. l’he t h e r m a l  expansion coeff icients  of fused silica and Invar  are
matched  wi t hi n 1 ppm j.’0~ Except  for  the force r coi ls , the  c r i t i ca l

sseml) l  ies are  cia mp cd together wi th  screws or spring loaded pressure pads.
l’he b e n e f i t s  of these fe:ttu res a re  low t empera tu re  s e n s i t i v i ty  and improved

long—t i  Fm sta l, il it s ’ .

2. The ana log senso r and servo ( lig i ti icr a s scmblv  a Fe both hermetical ly
so a l ed , sepa i’a ble , te sta ble and inter changeable ‘p1 ug — in ’’ su ha ssenihl k’s.
The benef i t s  a Fe long—t erm s tab i l i ty ,  ea se of dia gun si s , and cost reduction .

3. I’he p ermanen t  magnets  are  h igh  energy product , high coe rci v i t y ,
unshou lde red S a m a r iu m — c o b a l t  m a t e r i a l  rep lacing shou lde re(l .\ lni co magnets.
The ben e f i t  is  long—term stab il its ’ .

I. The tota l E MA scale—factor te mperature sen si t ivi ty was r educed by magnetic
shunt compensat ion of the sensor ma gnetic circuit. This developm ent com-
pletely elimin a te d all of the costs associated with the A77 self—conta ined
temper a ture controller , sensor and cont rol heaters. Ben efits are cost reduct ion
and fast reacti on performance.

5. The A 77 ~l design represents a 2 1 percent reduction in mass a n(l therma l
cap a( ’itv.  The volume I~t s been reduced is percent. Benefit is fast
rca ct ion N’ rfo rm an Ce.
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6. Th e Se!1S() I’ I nte i’na I ( ‘onf igu I’ . J t i o f l  is  more SVnI  me t r ica l and r e qu i r e s  less
m a c h i n i n g .  Fbi  s Im p r o v e s  the p r o o f — m a s s  su spens ion , pos i t i on  p ick of f
svm met rv , and reduces the a ssociated bias . The a ssemblv too l ing  is  a I so
si mpl i f i e d  by the i niproved sv m m ut  rv. Renef i t s  a r~ cost r( duct ion and long—
(( 1.01 st a l ) i I  i t v .

7. Some actual and potentia l failu re modes have been eliminated. lor
examp le, a printed ci rcuit hoa rd and cab le assembl y between the servo
digitize r assemb ly and the EMA connector are no longer used. Renefits
are cost reduction and improved re E abi [I Lv.

~~ . The ent i re  p ickoff preamplif ier . (lenlodulator , serv o—contro l  amp lifier
a n (l velocity output digitizer circuitr y are packaged on a 0. 7~ in . Z thin—
fi lm . h e rn ie t i ca l lv  sealed , substrate assembl y wi th in  the A 77 M envelope.
Benefits are cost reduction and fast reaction.

Aut onetics . through cooperativ e development with a thin— film substrate supp lier
~I laIe x  Corp . of Torrance . CA ),  has demonst ra ted  the feasibility of procuring servo—
(ligi t iz ( - r substrates with exceptionally stable , and low temperature sensitivity resistors .
A si gnificant p( rcen ta ge of the A77~ 1 cost reduction will occur in procuring complete ly
assembled , stabilized and hermetically packaged servo—digitizer assemblies of this
ty pe. Test results of the first two “Ilal ex substrate ” digitizers are shown in ‘Fable 10 .
These t est re sults arc well  w i t h i n  the F ’MA sp ecification requirements.

LA B LE 10. TEST R F:s U LTS OF “ I I A LF: X St ’ BSTRA ‘FE ” DIGITIZE R

Se rial Number

(‘ha raete ri st ic A 7 7 M — 7 6 0 2 — 0 0 1  I )  ,~77~ l — 7 6 02 —0 02 1)

Bias (jA g ’ s) —65 •

s l’emp
Sens (~2g ’s l’°) —0 . 15 1 . 1

Bias I)rift 0 pg’s 12 days 0 j A g’s 4~ hr

Sca le Factor
Temp .~‘ns
(ppm F°~ -0 . I 0 . M

Scale (“acto r
l ) r i f t  1 ppm 12 da ys -. 1  ppm , 4M hr

Sca le Factor
Short ‘re’rm
Stability (peak-
to-peak 1 ppm 12 days 2 ppmi IS hr
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2. 1 6 , 2. 1 l”Un ( ’t b o a  I and Short— Term F M,\ Tests. The rt ’su Its f funet ion: t  I
t n ( I  engineering evalu a t ion  tests of the tw o ,\ 77M F l)M ‘s are shown in Fa ble 11 .

‘l ’A B I I - ’ 1 1 .  A 77 M FUNCTIONA L AN !) F ’N G IN FFRI N G TF’ST RESU LTS

Se ria l  Numb er
( ‘hai ’ a ct e r i s t ic  Spec Reqmt ’ s A 7 7 M — 7 6 0 2 — 0 0 1  A 7 7 M — 7 6 0 2 — 0 0 2

B ia s  (~Ag ’ s 1 sooo —5 7~ ‘31:3
Bias Temp.

~~g ’ s F~’ ) *10 — 1 . 2  — 3 .  1

Bias Short — te r m
Stabi l i t y  (peak—
to—p e a k ) 10 j ig ’ s , i’nis hr 11 ~- g ’ s /l 6  hrs 7,~g ’ s “ 16  hrs

Scale I acto r Temp.
Sens , (ppm J A-) ) -

~ 10 - 1 . 1 ‘2 .  5

Scale Facto r Short-
term Stability 15 ppm , rms/h r 12 ppm , pk to pk / 7 ppm , pk to p k ”
(p e a k — t o — p e a k )  16 hr 16 hr
Input Axis
\l is a l ignment
(p rad ians -1363 651

2. 1 . 6 . 2 . 2  A77M Fas t  Reaction Tests. Figure 34 shows the output pulse ra te
of A 77 M— 7 60 2— 00 2  as a fu nction of t ime and temper a ture (luring fast w a r m — u p  ramps
of approxi i i i a te ly  sQ Vp ” minute . The A 77M and the fast reaction heaters of both the
instrument  and its mounting fixture are simult a neously tu rned on at 00 1’ after a _25 0 F’
(‘01(1 soak. The three tests occur over a f i ve—da y  in te rva l .  The time to ou tput stabili-
zation at 160 ° I” after t u r n — o n  at 00 1,’ is 4.5 minutes or less , which is well  within the
specification re(iu i rement  of 6 minutes .  The repeatability of the f ina l  value of the ou t-
put pulse rate for the three tests is approximatel y 20 pg ’s. ‘l’his includes any errors
associated with removal  and remounting of the l M,\ and its mounting fixture after
each exposure . The average sensitivity over the fu l l  rang e of 00 F’ to 160° F’ i s less
than -3p g ’ s ‘l~°. Comparable  fast reaction results were achieved on A 7 7 M - 7 6 0 2 — 0 0 l .

o of the A 77 M —7 6 0 I I :  MA s for  the MI C 11( )N F PM svsten l we re also fa st
reaction tes t ( ’( I f r o m  ( 1° I a fte i’ — 2 5 ° F’ (‘01(1 soaks as above. ‘l’ypica 1 A 77 — 760 -1 las t
react ion i s  ~hown in Figure 35 wi th  the t ( ’st resu l t s  of No. 003Y. o utput s tabi l izat ion
a g a i n  o(’ ( ’U rs at I. 5 minutes after tu rn—on with output ra nips better than th e requir ed
1 . 5 gi g ’ s n dn  in  t~~o of the three runs.

2. 1. 6. 2. 3 A77M Threshold Tests. Tests were conducted over the range
*3. 5 miL l i  “g” to detec iin~~~ffsets , discontinuities , or scale factor mismatch
about the threshold zone of zero “g” inputs. Figure 36 shows the results of one
such experiment. No offsets , hysteresis , or threshold dead zone were observ ed
using 25 ~g incremental inputs around zero “ g” .
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6 ’
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IE 16 ug’s

2 ’

70 N

.
8 -

6 L STABILITY OCCURS 4.5 TO 5.0 MINUTES4 .  1

AFTER TURN-ON
2 - 160

06 0  ‘ 150
wU,

8 -  140
U,
uJ

130

~~~ 4 .  / ‘ 120
LEGEND: 1102 -

O ç = 39.7 WATT HEATER INPUT
50 - 

~‘ 0 = 42.9 WATT 1-IEATER INPUT ‘ 100
I-.I = 40.5 WATT HEATER INPUT g~8 -

J = EMA MOUNTING F I X T U R E  TEMP W
a.- 8 O ~~~6

1 w I.-
- 70 w

NOTES:
2 - 1) EMA,s COLD SOAKED @ -20°F BEFORE TEST 

- 60 x

4 0 - I  2) INPUT ACCELERAT ION~~~ZE RO ” g”
3) AV ERAGE SENSITIVITY (FULL RANGE) ~ -3 ug/ F°

8 1 4) THERMAL RAMPS WERE 80 F°/M INUT E - 40

6 . ! - 30

4 f  
- 2 0

2 -  - 10

~ ~ ~ ~ ~ i ~ 9,,
149993(10 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

MINUT ES AFTE R TURN-ON 0 0°F

l’ i gure 34. A77M—7 602—0 02 Fast Reaction Tests
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PE NDULUM IN “GATE” POSITION. I.E., i , P HORIZONTAL , 0 VERTICA L
1 COUNT RESOLUTION -8  ~.i gs

EMA OUTPUT
PULSES/30 SEC A77M-7602-2 LINEARITY TEST ABOUT 0 “ g”

1500475

“S TART ’~=,~~
400 — .

S

S

.
.

300 —

200 —
.

S
- -9 INPUTS +g INPUTS

100 - —0.00359 +0.0036g
— .
— S

S

.
1500000 —

59999~~

1499906 — 1 MIN - 291 ~~~ ‘/ ZERO 9 INPUT) — 20
- • I  / - 1 0

- ‘ /  f - 900
- 

S . !  / - 9 0
800 — . I — 80

- I — 70
- 

• / - 60
- /. / - 5 0
— / t S SEC-24 .2 j 4s —

— / 1 COUNT RE~OLUTION 2~ gs 
-

- I - 2 0
— 

S

. / — 10

• / —

- • / - 9 0

ses~i 
~~~ ‘ END” 

I 4 - 29 1 .ig s . - 5110710

FIgure 36. A 7 7 M  l- .M.\ Threshold ‘Pest

73 



s ix  A 77 \1  F M . \ ’ s , fo r  the \ 1 l ( ’ U (  ) N E I ~\1 s y s tem  ~i ( k ’n t i f i ( ’ i 1  as .\ 7 7 M ’ s
7 a i  1 — 0 0 1  V t h r o u g h  006V~ wer e  comp leted and  f t i n c t i o n a  l i v  tested in the per iod of • un e
t h r o u g h Septembe r 1976 . l~ho tug t ’ ap hs  of a ( ‘ u mp l ( ’ t ( - l and  ‘‘ ( ‘x I ) lo ( Ie ( I ’ ’  A 77 \1  I .  MA are
shown as  l igu i’c ~t7 and  F’i gu re k~ r’ t ’spt ’ct  v e l v .

F v : i l u a t i ~~n of t h e  two  A 7 7 \ 1 — 7 6 0 2  ( I e v e l o p m ( - n t  l’ . \ IA s co n t inued  d u r i n g  the
f a b r i c a t i o n  a n d  f u n c t i o n a l s e l l—of f  t c st iw .~ of the  s ix  F l~~l F M A’ s. .\ 90 day stabi l i t y
t e st was con ducted  on A 7 7 \ 1 — 7 f (2 ( 4f l ~ , 1’hi ~ i f lS t I’tIi’ l l ( ’f l t  showed fl() u n i d i r e c t i o n a l 1) 1:1 .5
(11 ’ i n p U t  ax i s ( l I ’ I t t . ‘I’he s c a l e— f a c t o r d r i f t  rate (Ie ( ’r ( ’a secl w i t h  t i m e  in tha t  the  i n i t i a l
a g i n L , was ppm “da y and  th e  f i n a l a g i n g  a t  the end of the  94) day test  was  ~ 1 . ~ ppm
lay . A 7 7 \ I — 7 6 ( ) ~ — 00 I wa s  s t ab i l i t y  t est e (I for  60 day s.  ‘l’ h i s  E M A  showed a scale

fa ctor  d r i f t  ra te  of =1 ppm day and a b ias  d r i f t  r ate of —5 ~ gs day .  I ’he b ias  d r i f t
r a t e  was  subsequ ent ly  cot ’ r ect e(I  by the  r em()  ~‘a I of some excess ( ‘( ‘mer it between
cr i t i c a l sen so r to d i g i t i i e r  i n t e r f a c e .
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I ” igure 37. A ssembled  A77 K MA
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In the  period ( )c tober  t l i t ’ ougi i  Novembe r’ 1976 , :i  s e r ie s of l ’ . M A  i’e I) e:I t~l h i l i t y
li st s  Were con ( lu ( ’ t( ’d on two F P\1 No . 2 K . \ I A ’ s ( n o n — e o n t r : i ( ’t ) .  l iii si t e s t s  s i m u l a t e d
M 1 C I ~( r \  l l i s c o n t i t l ( I o U s  ope r a t i on  ac ross  ls)~~ ’r — i n t ( ’r r t I p t , ( ‘001— down , rest:i  rt , and
wa i’m—Up to noi’ t i ia  I o ln ’r a t i o l r  t & ’ii t p ei’ : i t  ore’ 4 160 ° i i  — l ’ o r t y — e i g h t  point  au t n m a t i e

t e s t s  were con ( luct ed befo re and  a ft e i’ to ( ‘v a l u a t e  a ny  sc ;i i i ’  f a c to r  or b i a s
s h i f t s t h a t  occu i- i - ed :t ( f l )  ss each j~owe r i t ite r rup t  a ml cool—down . In a d d i t i o n , test
N . :3 in t h i s  se Jth-flc (’ was a series of I i  ye wide range tempe r a t u r e  cvcl e s  ( — 4  5° I- ’ to

2 1 1)~ I- ’ ove I’ one 65 hoir r weei~~’n I. Table 12 sum ma i’i 1( 5  the  - su i t s  ( I I  the si tests .

‘I ’ A B I , E  12. A 7 7 M  I - M A , PO WKH IN ’I ’F ’HIU ’ PT HEPK A ’l ’A I5I L IT Y

I MA Stabi lit y I~epe:t tability Aci’oss:

• 32 (1a~’s ( I i  scon ti n u ou s operat ion

• a powe r ’ inht ’ i’i’upt i ufl ani l  ( ‘1) 1) 1 down ( ‘Vc l ( ’s  to 7 0 F

. 5 t em p e r a t u r e ’  cycles f rom ~65
0

I~ to 2

A 7 7 M — 7 ;08—00 8V A 77  ~il — 76 0t3 —009 Y
l i’st No. ~ S I- ’ S I” P P M )  ~~13i as  ((i g ’ s4 ~~S1- ’ S I - ’ ( I~I~ \T ..~ Ria s (4J.g’ s)

‘I-i — l~ .5 ‘ ‘31)

2 6 — 3 ‘ - 1 7

:3’ f-I M .\  -
5 rem oved f rom test for 5 temp cy cles (65 h r )  f rom —~~ 5°!”

to 2 1 0 0 1, a ml replac ed on test.

‘ -12 - 2:3 — 135 ‘ 17

I --27 — 2  ~1 11

.5 — 9 - 3  - s  4)

L - 

6 
- — ________________ — 

_ f  I 1 — 1

I h e  tota l scale  facto r change o v e r  the :32 day period was — :1 2 ppm and —1 3 5 ppm
I r A 77 \l —76{)~ — OIls V and ,\77 \1 —7 6 0 5 —W)9V respecti ~‘elv. ‘I’he total bias change over
t b ’  :32 iba ~’ pe riod was —3 pg :Ln(1 - 24; pg for’ A 77M—7605—OOsV and A 7 7 M — 7 ( ~O s — W ) 9 Y
respe( ’t i  ~‘(‘ lV . ‘I’ Iu’sc ( ‘ha nge s inc lu ik ’ the n o r m a l  drift in a d d i t i o n  to the effect of (‘001—
ilo~’~ n a n (l v~ a m i  —U I ) .  F: x c lu d i n g  the —1:35 PP~~ which  occurred in Test No. :3 , the K M A ’ s
have  st abi l  1 tv wh ich  meets system reqUirements. The exceptionally la rge  change of
135 ppm , front late r evidence , could ha v ’  been due to :i feed—throug h leak caused by
st i - t - s s i - s  f r i  t n t  te flhl) (’ ra tu re cyc l ing .  Imp rove ments  ha ve subsequentl y bee n m ade (unde r
sepa rate f u n d i n g )  in processing techniques  to control an y leaka ge p roblem.

‘l’hr ee .- \77M ‘s have been operating on the MICR ( )N F PM system test since
9 Ik ’cember 197 ;. F M A ‘ .s are periodical ly cal ibrated on syst em test by a -Il position
‘‘ : t l l angle ” tumble  t ( ’st . ‘Phe results of 13 F ~~~ calibrations (luring the period
9 I )e’cember 1976 through 10 .Janua ry 1977 show:
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1 . None I ) I  t h e  I MA sca le  l a t ’t n r s  01’ b n : i s  ( ‘b1:I n ~ es I I ’ ) ’  i1loiio t ofl i~’ or ‘‘ running :iw a ~’ ’’ .
2. Some of t he  se a l- ’ f a c t o r ’  : i i i l b i a s  s h i f t s  a ppea r to be sy s t e m at i c  s~’li i  I ( ’  ) ) t h (  r’s

( I i )  i i i  i t .
3. l ’h t -  da ta  i s  :i who le  : ipp i ’ar s  som ’wha t n o i s y  w i t h  the  f o l l o w i n g  m ea n  a n d

s t anda  r i b  d e v i a t i o n s  ( ‘aI ( ’Ula t ( ’ ( I  f rom the  i n i t i a l  ca l i brat i on .

I ’ H~~ N (~ )pi1l 4 ~~S 1- ’ 5 1” , ( ppm~ ~ f l i a  s, N ()J g ’s ~~I 3ia s~ r i )  o g ’ SI

A00 I V  — Is . 6 71 . 7 — 6 23 . 6A ff l .f \ ’  — 2 7 . 1 I I , 1 16 . 5 :37 • I
AOOSV :35 53 — 6 1 . I :39 . 6
2 . 1 , . :: I- 5 I )esn~n I )evelop I’Sib Test

I ’he purposes  1) 1 t h i s  task Were to design , develop ,  t a I ) r i c a t ( ’ , l n ( I  t i - s t  the’ MI Si ;
in s t  m o m e n t  t o n iec ’t the to  miii , f i t , :i n ( I fun ( ’t iona I m equi  r e m en t s  of t h e  F ngineering I’roto—
type  M IC l~

( IN sy s tem.  .\ Iso cn c i u i k ’ i I  unde r th~ task was the f;i 1)1-i e : i t i  on of ha rdwa re
:r s s i - t  s in s u f f i c i e n t  q u a n t i t y  to a s s u re  c o n t i n u o u s  sy s tem suppo i’t.

A tota l 1) 1’ SIX I S( ‘ s ( i n c l u d i n g  fou r spa i’es~ we re a ssemb led  : i m b  t e st i ’d  for the I L~~1.in a dd it  ion , I ~ha se 2,-\ I- . S( ; inst run ient s we re upgr : t( I e)  I to the F PM eonfi a i o n .  A
~)ho tngr : ph of the  comp leted in st run ient  is shown in I” igu i’e :39 . I-’igu r ’  10 shows the FS(
w i t h  the  Spin mo to r  ck’ta ( ‘he ll. (The K S( can be removed f rom the I :  I ~~1 ~ i t ho ot re-ni ovi ng
the  sp in  motor ’ .

I ) r i r i n g  I ~ha se 213 , the I~ ri n~:i l’v a et i  v i  t ies  r e l a t i v e  to developni ‘nt of the  \I I .  S( W( ’ i’i’ :

I . Na i’row G roove (‘ :i v i t  Development  a nd Fabr ica t ion
2. Small Ga p Uv 1’o 1 )evelopn ient a n il Fabr ica t ion
:3 . I lea te r I ncorpora t ion
I - Sore Sta rt I eve lopnien t  :t n ( I  I”ab r ica t ion
5. Motor  Development  and l” ab r i c a  ti on
4; . Fast  I~~’:i cti on Rotor  I )c ~‘eIopm ent
7 . M agne t i c  S e n s i t i v i t y  S tud ies

E a c h  of t he se  ‘f for t s  is (Ii scusse i l  in  the f o l l o w i n g  pa r agrap hs .

2. 1 . i; . :~. 1 Na rrow ( ‘
~ m ove. The il:r r row groove c o n f i g u r a t i o n  c:t Vi  t y  members

were fabri eati- i w i t h  n o m i n a l  5 m i l  grooves :i s compa red to the ’ f o r m e r l y  s t anda rd 10 m i t
i.~, m i  i \  i - s  I I’ha se 2A (‘onfigu i’a tion) . ‘l’ll e pu rpose of tile’ c’ha nge was  I )I’ i 111:1 ri ly fot’ i ~ ip roved
nt odt’ Ii ng :t n i l a ecu ra cv. ‘l’he decreased groo ye w i d t h  ilot’s pr ovide  an a di lit ion:i I I)eflefi
i l l tim t -l ~~~t roi le : i  rea is inc rca sed a pproxi ma tel~’ four IX’ reent xvii j e l l  enhances  the  g
(‘a pa bi Ii ty .  Pha si- 2, \ MI . S( ; units were retrofitted with the na ri’o\v groove ca \ i ty I l te f lhI R ’  rs
is  repa i r’ ‘~ :i S r(’qui i-ed. The units wh i c h  were eva lua t ed  on ‘I’e st Stat ion I V ( ‘1’ 5 I \ ‘)
showed good functi ona l integrity . I’ha se 213 instruments Were eva ltia ted on ‘I’ S I V and
i fl  tilt ’ sys te  111 envi ronn ie ’nt  w i t h  v~- my good resul ts .

2. 1 . 6. :3 . 2 Sni: i  11 ( ;ap . •\ I I  M I - : S( i n s t r u m e n t s  were l’ab mica tei l to the s m a l l  gap
co n f i g u r a t i o n  i 2 2 . ~ p — i n c h e s  at I 60° !”) vs the ’ f o r m e r l y  stan d :r r ( l 30(1 P —in ches at 160° I-’.
‘l ’he pu I’l)05(’ of tile ’ ella nge Was for cost reduction pu t-poses. While the’ i’e is no (‘0 st delta
ma ml fiea t ion w i t h  r’ega t’i I to the i n st r u m en t , the re is  s i g n i f i c a n t  cost redu ct ion wi th
rega rd t o tilt ’ ele ’ctron ics a ssociate (I w i t h  th e instrum ent .  Phase ’ 2.-\ M l :S ( ;  units were ’
r (’t rofit te il  to the snia 11 gap conf igu ration :i s rc’pa I r was re qui red . The units w er t ’  th en
i - v a l  uat ed on 1’ 5 I \‘ for functiona l integrity.  The re Wa S some- concern that  sonic’ (legrada —
t ion ( ‘001 ( 1 occur  in model ing  since the gap was  (lee rea st~ l ( ‘ons iile ma l) l~’ l) ut rotor cav i ty
room m e  ss wa s not i nip roved. I lowe vet’ , testing of th e upda ted pha se 2.1 inst r’u ment  5 and
ye ri fica t i t ~n t ( ‘sting of tile’ Phase 213 inst  r ’u n ient s showed no degra i Ia tion .
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2. 1.  6. :i . :~ l I ’ a t~~i’__Incorpo ration.  in t he  - J a n u a r y  1976 time period it was
de t e rm int t ’d  hv N 77 t i - st  i ng  and lilt ) i’c i’lct ai I ed ana ly ses  of ti l l  - i ’ f l l~ I a tlis t hat  th e  i ’( ’  WOU 1(1

a m i d  to i 1151:111 hi -a t  - rs di r ect lv  on the  M KS( ; base-s . ‘I ’Ii t - N - q u i r i - n i i - i t t  s to d ri vi -

Li i i ’ e a \  i t \  i t a r a t e  of sO ° V m i n u t e  (‘001(1 ri ot l i i ’  OC (’Oflib)liSil (’(l me ’adilv using hi-aters
i i t c ) U t i t i i l  Oil (li e s y s t e m  In ca usi ’ of t h e  h igh  ,‘eSi stance of t h osi -  the i’mai paths .

I n i n i t i a ~ rne ’t ho d  of heate r ’ in ( ’ i) rp ( i r’ a t ion was  designed :i n i l  h i - a t e r s  were placed
on o m h - i ’  in ( t i e  l a t t e r ’  pa i’t of ’ - J anua ry 19 7 6 . Tool ing ~ :is des igned , f a b r i c a t e d  and
1 Ic velope ’i l  to i n s t a l l  t h e ’  h e i f e r  on the M E  S( ; i) a se. ( ‘ ement  ing t ecil l t  i ques we r e’ developed
to a ssu i’ i - 4 1) 11 ( 1 h i i n  Ii ng :t ml i n t i  m a t e  (-ont a  (‘t i)etv een t h e  he’a te i’ a ml the’ \l I - : S( ; ba se. -I
ite ’a te’ I’ \\ i s  t hen  app l li’d to a t e’st piece to vet - i ft 1)011 ( 1 i nt ( ’gm i tv and  the  on it Wa S thi n
exp o ~i - I  to — i ; ° l cold so aks  and , w h i l e  in  tile cold soa k ( -h : in l i ) e t ’ , ( a t  — 6 5° f- ’ ( ‘on t r o l l ( ’( I
e- n v I m o n m ( - n t )  I he h e’a t el’  power ~va 5 app! it ’d . I Iea t i n g  r’a tes in e X c e s S  of 200 0 1~ minute

1 - re :t c-h e v e i l .  The’ t e ’st was  i’cpe’a te’(l appi ’ox i ma t e ly  ten t I Ill e ’s :4 fl ( l the test p iece was
insp - i ’ t i -  I lot ’ i n t e g r i t y .  No sign of bond or’ heate r (legra d:i t ion ‘s-a s obse rv( ’d.  The t e-s ts
\\ i - me  i’i - l ) i ’ : i ted :Iga in  and there ~‘as s t i l l  no evidence of ’ d c- gradat ion .  A heate r was t ll( ’n

1) 1) 1 i i i  to ti te ’  b:i se- of a be ryll icr m base ’ Pha Se 2,1 ~1 I - . St ; ins t  r un te ’nt :i ml tile ’ t t’s ts we’ re
bt- ~~i iu  ~ it i t -  it ~~oul d ~ mm it design of the fi n :i I hw t er w h i c h  would d r i v e  the M l- 5( ; u n i t

i t  :i f lo i i l i t l : i l  ~()O 1- ’ m i n u te.

T i - s t  S w e - m i  - conduct  i’d on :t I ‘ha Se 2 13 fir! 1—up instrument cont igu ration by wrapping
he -  t o tal  u n i t  in  an i n s u l a t i o n  b l anke t  :ln(1 a l lowing  the unit to the’i’mallv soak to ~65~ I - ’

u n t i l  [hi - t ( - r n f ) i  - i ’atu i’e stabi Li Z( ’d  :1 t that t empe  matu me . System I e-~’ el power was the -n
:i pp l i ‘d to the- heater ’s  and , wi th th e ch :tm be r S t i l l  mii i  nt aine ’d at — 65° I- ’ , t he- inst i ’ument
was allowed to h -at up to abou t 2000 1~’. ‘I ’hv r i ‘suits of t h l -Sr test s a me shown in  i- ’igu me - I l .
As sh own i l l  l ’ i gu  me I i  , an  av i  - I -ag e - mate  of ’ wa r m u p  for a two m i n u t e ’  pe riod was approx—
m t  a t - lv  s i~ 1- ’ in in .

2. 1 - 6. 3. -I So - Star t .  ‘Fit e be - mvi i  j oin base-  u n i t s  as designed in Phase 2A were’
not capable - of m ee t ing  fas t  reaction i’e’qU i m c m en t S  because’ vac ion pumps are’ inhe ren t ly
ha i’d s ta  r’ t t ms and :i me not pi’edi ct ab l  i ’ as f a r  as Li me’ fo r’ Stat’t i  ng is conce rned . Th re-c
of the’ Ph a si -  2 -1 g v ros wi -r e  modi f ied  to include a so r-e s t a r t  eonfigu ration and were
ev a l u a t  i’d for  i lI t i -g mi t v .  ‘I ’he design (lit ! pr’ovi - to he -  a workab le  a ml’:inge’nl cot. ‘l’he
i n s t a l l  at ion how( - y e - r was v c -mv cumbe i’som (‘ in  that  it  was ncce’ssa i-v to t:ikc’ the gyro

pa r-t comp l e- te ’l~’ , cut  a hole-  in  the ’ vile ion Puni l)  and then K— Be - an - i  the- sun ’ s t i l t _ I
c:i i ’Lr id g e-  il l p l :4Cc ’ an (I t he ’n i- c-assemble- Liii’ gv t’o. ‘I ’ht ’ processing jeopa rdized the
i n t e g r i t y  of th ( -  h : i s i -  pump configu ration he-cause ’ of the’  necessar y handling by many
inth vidu :il s . Do ring ( hi - i n i t i a l  ~a mE of Phase ’ 2B , :t nothe ’ m dc-sign was comp (e’te-d which
i ncorp() i ’at ed t h e ’  so r i- s tar t  uni t  in the pinch off flange ’ configu ration. Installat ion of the
sup- c st a r’t u n i t  was  :iccomp l i she’d by re -moving the - o rigi ~:il pi neli off flangc ’  (remove’
s screws an ti the ’ gold o— ring ) and ins ta l l ing  the ’ n ’w p inch off flange- (8 screws and a r it- w
gold o— r i r ig),

2. 1.  6 . 3. 5 Moto r. ‘I ’ iie’ M E,SG motor was redesign ed for pur pose-s of function a l
com l) atihi  l i t y  with the - n e w  powe’r supp lies which We,’e dcve’Ioped for’ th e’ KPM .  An othe ’r’
goal of the  motor r edesign was to significa n tly i-educe ’ cost of fabr ica t ion . The’ efforts
and accomp lishments in both a i’eas a re’ summari z t - ( l  in the ’ following pa ragr’aphs.

(a)  Motor  Function l) evelop mcnt

Redesign of moto r lx)w e’r’ supply electronics (fo r ~ U r’ IxJsc s of ce )mp at ib ih tv  wi th
:ii rc raft powe r~ also caused the re -design of the’ K PM MESG motor . A nunibet’ of
anal vt ica l r - i ’di ’sign s w i -r e ’ accomp lished and motor’s we mc - fah rieate’d for h-st and c-valuation .
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‘Ill r i ’t’ i- oil di - s igns  W i l t  1110 ( 14 - w it h iii ixi 111 (4111 vol t ig i ’  i i ’ ( f L l i  i- i rn ents  of :i:i . 1 , to .  0
:441 (1 l - . 0 \e ) l t s  ( 1 - n t i s , .  ‘l I t - -  co i ls  w i - i - i ’  t i c - s i g n e d  fot’ e qua l  f lux p e r  u rlit c-urn- c - nt. l it e - Z
uili I e ’ i - t ;  ~it l - ~t , lu n t t  - 

~‘:is inc I i  - :451  ~1 te) fu rtlie ,’ reilu (’c losse s in coppe r wiridi ng do ring
I ’ . i 1i ld  wa i - i t t  up , I ’h i - - l i t i  t i  i i ’  e’o’~ i - n’ ( \1 cinie-t~i l inside- i li : i  mete- r was  inc reased about
0. 4) 2 1)  i n .  to le’co fl tlllo (l:l t i tile’ : id ilc i’ e’oppe’m vo lun i i ’ _

.~~ n io t in  coil e i i n t l i i n a t i o n  was di ’s igni ’d  w h i c h  o p t i n i i  t i - d t he  de’ soil i c e -  r i -q i l i m i —
n i t e n t s . F l i t -  i li s ign - n t l t i I i i \  e’( I un -qu :i I  f l u x  iii t h e -  / coil pi t’ u n i t  ( ‘u t’ i ’e ’r l t  as con ipiu r’ed
Iii t h u  x lild c o i l s . -1 l llO tOi ’  e~f t h i s  design was ts S e l i lI ) led (M otor ’  No. 5). The motor
wa s  d -s i gnu t  -d : 111 ( 1 I ah i ’ i e a t  e’d ill su l i lk i r t  of total Motor  Power’ Supp ly op t imi z a t ion .  The
‘ ‘/ ‘ ‘  (‘01 1 11:01 72 Ii i  i- u s of No . 26 wi m e- . ‘I ’he “N’’ and “\‘ coi l s  each had ~- I tu  i’ns coi l
of ~~~~~ :3 )) w i n - i ’  two ( ‘o ils ax is ) .  in this d esign , e qual  L i i  r ( i L l ( s  ar’ c ’ p m odu ( ’( ( i  whe n the
“ ‘/ ‘ ‘  ( ‘u i ’I ’ i - nt  i s  59. 5 pt - ret-nt i i i  t i le ’  ‘‘Z ’ ii i’ ‘‘Y’’ ( ‘ i i i m e ’nl t s .  -11 1 p r ev ious  coil t ie -s igns  w e’re
sue -h  t h a t  qua l  c ’ u mm i - ’n t s  pi -oduce’d equal  torques .

.1 t e s t  was then  (le vis e-d antI  conducted to c-va I i r a t e -  X , V • ar id Z rnote r’ coils n - i - I ati Vt-
i - f f ie -  -nd is . The - dc ’si med c-nd i’c su i l t  of t he  te ’st and c-valuation was to pc- i’m it fi I1~I I

gil of a motor  which  would provide ’  i’oto m he’a ti ng ra te - s  of MO° I’ m i n u t e -  while’  usi  rig
lii - - t l l : lX i  fll l if ll  vol t a g i -  av ’,i i i  ab le  - fr -o n-i the ’ sys te m (an -i d t h e  i- t ’fo i- c- in I ni mum c u  r ’r -n t

‘l ’ c s t  S we mc- t’o n tliie’ tc -cl using a I — sl ot Be’ r ’vI hum B:i st - gv mo. A starida i ’d h i g h  powe- r’
\l l( ’l~ )N I)roto t .vp~- n iot o I’ ( w i t h  :r f i b e r g l a s s  hohI ) i r l )  was c-valuated , In summa my, t h e
rllO t o i’ niet t h i - - i’equi re - rne ’nts  of the - motor powe r supp ly , M0°l” /minu te’ z c-oil he ’ati ng

~~‘:i i’m t i l l  r a t e  (a c t i l : I I1V ove~ 1’ 100° f ‘ni in ) i n t l sp i f i l l )  ~h x ( lio(le’ damping and spin down
i i  ‘qiii  i- c - m e r i t s .  ‘I h e -  1110101’ was (c- ste - t i  ill conju et ion wi th  1-; 1 ~\l t y pe -  e lec t i-on icS Wiii( ’h
u s i - d powe r’ as w i ll h i - - supp lied e v e n t u a l l y  t’ rom the ’ ai i’cr aft .

In - Ju l y  of 1976 a lumina  bobbins we me ’ received and were assembled into the
I m u  tic -sign Mi (H( )N Phase -  2 11 motors in  SUpfx)rt of the K P M syste’m. Mo to r v e ’i’ ifi c a—
ion te st Iii was th i - li j i t ’  i-to i’niie ’d on Test Station IV (T S l\ ’ ) in con junc t ion  w it ii the EP M
mot e) i’ ~~~~~ 

i. 51l~~ d ic-s . I l l  motor fu lle t ions we i’e c- y :u lu a te ’d  wi t  il t I le ’ (‘Xcc’I)t ion elf poIhode
(1:1111 1 )i ng \~Il i c h cannot be ’ Cofll put er’ (-ont rolled on I ’ S I \ ’ . The - i- c-Sit I t s  of t l ie se’ tests a mc -
sem i ma r i  ted in l ab i  e - 13 aL ong wi t  Ii t ’e - su l t s  ob ta ined  at t h e- K I ~~l syst i - n t  lt ’ve ’ l , Speci fi —

(-a t ion i’ t - qu i  I i  -n - i i - -n t s foi’ t h e - s e -  f u n c t i o n t s  a i- c’ :r Iso gi ve’ n f o r  corn pa rat iV e  1)11 t ’pe)5( ’S .

,-\ h e - r v l l i u m — b a s i -  gv r’o was u s e d  to eva lua te -  the ’ i—c - o i l  h e a t i n g  c a p a b i l i t y  of’ an
I- . I ’M ~~~~ 

motor - I~°~’~ n ’ S I I I ) I ) I \ ’  i r i t eg i’ a t  c d  w i t h  an I-~ I’M type’  mot iii ’ . The’ i— c o i l  he - a ting
a pp li  i’d was 4 . 2 amps u’ms it a S Is h i  c-X e i t : i t ion f r equ e nc y  fo I’ 30 Se t c -I :1 J) Si-’d t i m  e .
‘t ’h e- i - c-st i l ts  ira - shown in 1- i gu mc - -12 and sunim : l  ri ted in l ahl c’ 13 . The - ob sei ’ve’c h gap
ch a r tg - wa s 67 f a — in .  wh k -h  i son c’quivale-nt t -otoi - heating mate- of 101.  5°l ’ ‘m m .  The’
r’equ i  t’ i ’ti i - a t i -  i s  M0 °I / m i n .

‘Flie nic-thod of i--valuating rotor h e a t i n g  is i l l  ust rated in l- ’igu u-c -13 . The so l id
I m i - -  in I igur mc - 13 r e-pr esi -nts the- gap change ’ as a func t ion  of rotor’ 011(1 c a v i t y  si ic
e ha ugi - - , ‘I h o- rotci r Si i t -  m e -  r’e’asc is se’pa r ate (l f rom tile -  c a v i t y  si Ye’ I fl( ’ l’ease’ I ~ l)l ’o
i e’cting the- “roton- change- only ” section of the ’ cu r v i -  ( S e c t i o n  I ) )  bac k to that I X) it i t i n
1 m - when the’  motor ~v:is turned off (Point 2). The- actual r ’otoi Si ,‘e change i-ate is

t hit  - slojs’ of thi - ’  l i n e -  connecting Points ( 1 )  and (2) .  Al I of th i - - above’ is 1x ssib l e - because
of the short t he ’r’ ma l t ime  constant of the cav it y compared to the - long time’ conSta ilt ot
the sc isp t’ nti i ’d i’t i to i’.
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‘ l i - s t  S t a t i o n  l\  9 . 7  11) 1 ::o —

I- I ’M 7 I l - I  60

h’ PM Spe c l l i ’ u l u m i l ’i-’ nu i e flt  10 Si)

- It r ak ing  I irru - t u t u  h i -  cont rol le d by the -  :1 n~~nm n t of I )(‘ c-u i’i ’ent program med
st-c lue -n t  ia l iv  (Ii roug h th e motor’ X , V and Z c-oils - lest s h ave ’ shown Hint

h i -  n - I it o i’ can be spun down re-li ab ly  in 30 si--c w i t  It a c l c -i lila t e - bat  t t e- i ’y  I ’ c se- 1-ve .
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‘ I h i ’  a e ’ t u : i I  m o t o r  b o a t i n g  r ’~i h ’  (HU~ c’an he clt- t i-i’nit i ni-cl by h a -  I o h I m ~-in g e qu a t i on :

h i U ( °I’ n m  i

~‘Iii ‘i ’ i-

~~~ ; i%I ’-~I ’ t \ ii  L~ :i ~~) c h a n g e , - —iii .

— t i i i l  c - X ( ’ i t t i t i o n  t i m e - . n i inu t es

~ ~~~~~~ 
e)~ Xp a n s iOri  f a e t e ) m  l’oi - bi - - r~ I liun’t  motot -

~~ \ I - i t o n  I’ : r i m ’ k - a t  ion I ’ i - eh n i que - I ) c’v e’ lopm c’nt

1 4  l- n i e aps i i l : i t  ion i -if t h i ’  M ot or’ Coi l

‘ F l i t ’  im l t  i -nit of t h i s  t :u sk was to improve  t h i -  lie-at t r a nsf c- r ch tur ’a c’ t e mi s t ics  from the-
mo tor c- o i l s  t o  the  eXt i’e ’ m i t i t - s  e)f t h c MK SG \lo tc ) r’ .

.\ ii i - nuc aps ir l  it  m u g  tool was dc-signed and htm l I t to i~ - usc-d ott the-  mold i rig nla ehu i ne -
i i i  t i u c  - ‘ I ’  i-a ni sd e r c- c  - n - I ab . A (‘oil form was dc -s i  gne-d and parts we- i-c- machi  n e d  whi c-h wi- me -

Su m i t  il il i - fo r  pl ’e sseu n - c- c-n c ’apsu la t ie) n . The -se c o i l  forms w i-me - ma de- fmoni f i b -n’g la ss
wh i c - l u  wi ia - n - c- p l ac ed tat  e -i  by t he  ~~ 2~ 
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l i i i  i i  ‘— t  t i \  I i i -  ~- r l ( ’  p - - t i l t  t ilui ~ t u e  ~~‘ i i i n u I  i - u I  : is—i-iiuhil v irl l i i i -  i u i i i h , n  t ’ i i ~’ i - n ’
I ~- i I I • t hu a I lit - m itia I c - i  tn t  l i n e - t i  iv i t  - i l l  c -a I — c - r u t  cot  -~— s i  - i ’ °( -

. l ’ l i  i s  m i t - i  u -  n ’ i ;I I
~~:t ~— i -l u - — — m u I ~‘ u n —  i t  h a i l  I i -  l u l i & h l u - — -— t tho’ n - nuial e’ i ,midiu’ t j~ mt ~’ of t hu  :u y a j lsul , I i - ni t t il d :thi l i -

u - ~ u i s ~i u  —~~. I l a -  ni ’ - i p - -— i n l - i i i i u t  ~~:i s r io t  — i i  c i i ’ s  s t u l  h i - c — t i n t — u -  t h u  p :u m ’t i e ’I i - s ’ \ u - r i -  too I : i m L n ’ t o
i i ,  i u t -  h ~- I ’  u~~i ’ I - t~~ -

~ -n i i i ’  c o i l  - i  s~~u ‘ o i l i l y  t im i d  ( h i  - motor’ ‘uv i - r .

[ l i t  il~ - \ i  lll:O ~ u’i:iI i n - l u - i l  \‘ : i s —  ~
‘
~~ i y t - : t s ~~ ~~~~ 1: 1’ \V i t h i  a tiu i -i ’ rni:ul co nu i l u - t ivit y cit

4 , i I I . ( ‘ I l l — c u t  n iu - ~— s u - e ( ’ . I h i s  m a l i - m i n I  w a s  t i n i n i i l  to h i ’  sin - -t- s s f i n l . I- k :isst’iiili l iu’s
I t li i i  l i l t  n a ‘n - i t  ~ i n n !  m u gs W i ’  n - i -  i - I l l - s i  p s i m l : i  t i - i l . I ’ h u i  n i i t , l c l i  n~ f in ’ i- s so n i  i t : t l u i i t t  ~ p t - i  a ni l  a

I i  n iq i i ’i ’ . u L u i i ’  i f : i l i u , i ~t I 75 I- ’ 77 ( ‘  I u - l u  - s i u l  I e u - i l ) i i i  t g ixu i l pi n e - I  n - ti [ Pu rl .  ‘ f tc-  c ’ r i e t t p s i i —
lsut , - l  - u ~~— -nuulil ~’ ~ :us h e l i l  in  the  m atu-hi mic - t o n ’  e - u n r i n i t ~ ( t i c  I i ;  h our ’ s . ‘ l i i i -  f i f t h  of  thi- su ’

- u — — t - n i l i l i i ’ s  \ t : l s  ~ios tt’um r ’ c - i l  i t  ~ 0()  I - ’ H 19 ) t o pi ’e-\ u -n t Itiiiun’ i - c ) t  t h e  r uuuu t lir ’ in ( ‘t t t - ’ c u t

s u t - t ’ i u l i ’ n n i l  u~ u ’i’hi’atin ui~ in opi -n:iti on. .- \ l l  I - I ’M n u u i u t o m s  w e - n ’ c- f a b r i c - a  t i - i l  ( p o t t i - d )  u s i n g  t h i s
Itt I t  - i - t c  ~- hmu ii ~u t - —

i 2 i  l ow — ( u st  (‘ oil l- or ’ m ui

I t c n s i  l i ons  ii  i l c - t -  I ~ ni i n t l  l a h n ’ k - : I iofl R-c-hunu ii ieu-s we m’i- po l’su (-il l i i  c - s t a h l  i shi t i  l ow—
cos t  co il t o n n u i  ~v h u i - hu w o U l ( l  s : i l i s t v  t i l l  n loto l’ f u n c t i o n  i’e-qu m i r’ c ’ n i u c - n l s .

ftc i r ui t i:u l e-It o r t e c insi s te-il ot e t c - s i g n i n g  t oo l ing  (0  rl lo lel a c - o i l  f i u r ’ n u i  w i t h  S t v i , - : u s t
~~~so i- i’. ‘ l h e -  c- oil Ion - m i t  was simp l e- and ha d cm iv one f l a n g e -  ~ ‘ i U u I t oh - s  f u n’ (Jut- Ii -u ’min:uIs .

ii. r;i in . ~~:u l l  tluie’k n -ss w a s  i’ e- —t -ni ’c~ ’ce’cl liv four - i-lb s w h i c h  a l so  s i - p : tma  t e d  ( J u i -  ‘‘N ’’

nail ‘V coiL-’. ~c i ’ \  c ’ i - : i i  \‘ ef l ( lo m ’s we re  con L’ t c ( e - d  b u n -  f ’a b i ’ i c a t i o n  c u t  t he  ( ‘ o i l  l o rm  h u t  no
o f t ’  h u :iil ittuol e nough cNperienec- w i t h  Sty c a st  2- ’~, i ( (  1 - F  to i- c t -pond I i i  : \u to i t ct i c s ’ re - i l u ( - s i _ .

P : t m ’ : t l l i ’ l  to [h i -  s i t e ~~ u -  i - f ’ h ’or ( , si s e :un ’ch i  w : u s  ( ‘ i ) u i t i n u t m e ( l  (ii ( s t ~t l ) 1i s l l  l o w — c o s t  sou r-c- c
for O ut-  m i t o t o  m ( - o i l  i ’o i ’ mtu  whk ’h  would  pi ’ov i ( k -  ti  gre-a f e - i ’  t i l e-  i - tu tu con chun c-ti vi tv pt t  Ui f r o m  tIle
copper rm i o t iur - o i I s  th rou gh the -  r t l i m t ( m i ’  c - oi l  For-ni . Parmtt i c e - h  l ) c v e - l o p n l l i - n u t Cor p.  in
ILrntington h I t achi ~~:is contac ’ te ch and discussio n s ~ve ra - h i - I d  us to ho~ - :u oil  f o r m  could be

- nh - i : i  t u ‘( I t i m  f i t  (Mi I ’ gu u ) i l l t ’  t n v  and te i he- sui  (:1 Im i c  f o r  t h e i r -  ~Vi ech  process - The- \V icc-It pro—
cu ss is u l i - s e r i h u ( ’ d  i r’u B u s i n e s s  \V - -k , Sc-pte n llhc-i ’ IS , 1975, page -s 36 1) and :i ; l- . ) ‘ l h e c e ’r —
‘I nii i c t - t - I t ( ’ t e ( l  \\ 1 5  99. m ) ( - m e - ( - n t  A t ’ 9( ) , ,  w l i i c l t  h a u l  :i t l u e - m n r u t u l  conduc t i v i t y  i - f

u I  ( - :1 1 —cn n - no ~ ~see °( 
-
.

l ’ h i i ’  t i t i m l  l i i j ’  t I l i -  c o i l  t’o m’nii  an t I  : u s s u i i i ~m I i -  l u t i t e ’ l t  of 2 1  p i e - c_ - e s  wi-i’ ’ uim i l c ’ ni’d m orn
I ‘ i ((‘cit l Jc - ~ i - l u u p r n e n t  ( ‘ ou ’p . I h i ’ - i -  l u u ~~— i t s t  :ul u nru ina cc)ii hmn’ n tt s f o i ’  th e- u- p irl nul i u t l un s

c ’ c i ’ u - - c a  ~i - t l  in - J u l y  P ,7 , Thu r i - c t -  i p t  of ( J u t - s i -  coil  f oi’ m ui s c u m l n h i n t i t e : u l  t i  n i n e -  ni ’t o n t t h u
e ’ u u u u i l i u u uiion t h o ’l h i e t \ o i - u - n l  , \u f ttn i ’tic ’ s i n t l  t l u t -  s u p p l i t - i ’  P t i u - n u t a t c h  I ) e - v e - l o p m t u c - n t  Compo—

‘ - i  t o r n  ‘~ it li i ’ u - s f u i - c t Jo  t oo l i n g, f : m l u n i e - : u h i i u n u , s u n u l  f i n a l e h c ’ h i ~ i - m v  of th e I ) : i n t .  h u e -  c o i l
l u , l i n i  n ’ u ’ J i n ’ i - -~t - n t ! s  SI s i g n i t i c ’ n i l t ( ‘ l i s t n ’ t ’ u h t n e ’ t i on i t e l l i  t u n i t h  y e t  enhance- s  the- opc - n ’ttti u u n :ul
i’su 1 , stliihi t v j u t  t i l e -  utio t tir . I h u -  c _ o u t— ~v e - i  - \ \ ( m u m n ( l , in t- i t t i l l e - u l  c m t i le coil  l u u t ’ i i t , t t n l i l in ~ e ’ ( ’ t i o fl
l i tO l ( l t - ( I  i. - lO t  J u t -  S t y ( : m s i  tiisttt’ n i:il ‘ i t  . \ t u t u i n t - t i ’ ’s _ I h i -  u n i t s  \V i s s i - t i i l m l c ’ d  and l i ’ - t i - ’ ch

I t i n n i t  I ) r m l d c - l i t s . l i i i  - n m i u t u u l ’ u-i f u i n c  t i  r u -H i ) i - o I u c ’u - l v  in a l l  m ’ i s I ) e e. Is.

u : t )  I o ~v — ( u m s t \ l o t i u i ’  ( c i ~~u - n  s~n n t  S b _ i - I d

‘ f l o u t ’  J ) i u s t - — i b l t -  qm ~m i  c u : u i ’ h I u - s  w i - m i -  p e m i t - t u t - u l  f o r  t : l h u l - i c ’ : t t i o n  of ( l ie mo to r  C o v e n t - :

I ) i - : Rv ut fr on i  N i t - c -  ~H i c - i - t .
2. (‘ t i s t i mi ~ I h u t ’  h i a l t  t u-on t Mnin t i-tal _

F’oi ’ g ing  ~ pa~-t I m’om 1 M u n t u - L - t l  h i l l c ’ t .

\ e nd or ’ — f u r  i l l  t h i ’ i - i -  J i m ’ oe u ’ S s e t -  W i - I - i -  c ’oni t ac te -c l .  I” org ing i n t l  c ’a s t in g  I’ i - - i J u i l ’ i - d  :u
I t t  i- g -  : t m n o u n t  of f i n i s h  u n i t i c - h i n i n g  an t i  w e - m e  d i s u t i  i t - s t - c l .

“I
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i tu lo i ’ ’— \ V c ’ i i ’  I I m I i i u c t I ’ l i i - i l  Io n t h u  t i m - s t  I l l - c e l l o  u ’ . _ \ m— nuo ld I- nigi n uu- e - r inmg w i t -
~ i h l i r u ’ ,, t u t  i l r : u ~ t h e -  l i - i  i~t s h u t  ~ o t i l u l  n to t  t i m u i s l u  i n i:u-lii m t u ’ : u n i u h I - t i ll ( l u ’  ptii ’ fS. l l uu - \ l s u g n c ’ ( i e
H i l t - I l I h~ i s i onu , 1’ i - I c - i l  i u i n u  \ l k : i  ( c i , , i — i - n t  i n  :1 i h u i o t e ’  l i i i ’  ( I i i -  ( l u - u - h )  c l r : u w n t  p r i m )  I m o m u u

l I , 1 1 i  \ i h ’ ’ t s lit c i  pu n’ , \ l i l u l 7 i i _ d l , l , l ’ V h u i ’  I I ,  ‘ I h u t -  q u u u ( i -  i n n - h o b O  f i n i s h  m ; m c h i n i n g  t imid
u - Ii in -~ -

I~~ u n i Iv  m o t to ’  cu~~ i - I ’ S W i ’  ma - r u - u - u - n  - i l  i i  01 i i i  - Ma got  -h P Sb i t - h I 1) 1 v i s i o n ,  Fl i t
i l l  i t - l i t  i l l  n — i I t i ~ i v  ot i ;  c c l  l i t  i u ) u u t o r ’  c u i v u - l ’ s  vv- ; u s  ( . 5 l i r i -s t i f  F l ux  h m u ’ s t k — l u c — h m t r u k  r i n d
LI~~’t - c ’  s i x  p : u i ’ t s ’~v t ’ m - i -  s i - n u t I ii l i i i  l l i : u t — I ! u - s i l  sh op I i i  i i r u n i i u i : i I i n u i , ~, , \ l l  V I ’ ~e 1 m o t o r s
W I  i ’ - n u u a i h c ’  I n an i t  thu i i  I uv  u - l u r u  u ’ Iv y :i r i -  ‘ i n n !  l : u  \ I ’  W u I i I , u i l  — s i t  i s  t a t  p u m j l  v.

F~i i ’nl v niu u m tol’ shui -ld svv i - ’ i ’ i ’  mc- ,’c’iv c’ l h i a mm uu t lu t - \ I : t i , s i i u ’ t i c  S h j t ’ l i l  I ) i v i s i c m n .  l i i i -  l i - t m - I s
\\ i’ i ’  I l i t i i i - n i s i ( c i u  i I I ~’ s i c - c  ~u t t i h I i - , l in t t h u  r u - t i n I l y  i t s -  oF \\ c i  I i n i i - - -~ of f l r m x  h u ’ i k — t o — i m e m l ,  \ \ ‘ t15

\ ( I  ss i \ - c ’ . ‘h I r i -  f m n i - t - —- vv i i ’ i i’ i - I t i m’n lc-d ar id  t h e ’ v u - m u i l o n  ( u u n t t a ( ’ t i - u l  t i l m ( m l i t  ( h u t ’  ~m i’ i m h u I e ’ n u u _  I ’ lu e  v
s h i f t  u i -H ( l i t -  J h ’ u m t s 5 I - ,~5 u i n  t r i l l  s e - n l t  ( h e - u i h I s h & ’ ~-, .  ‘Il ui s tin le - flue- I i t u ’ s i s i i i ’ c-d r i ’ t c - n t i v i t v  ‘vat-
i i . i i —  l i n t ’ s  ol ( ‘lo x h ( - t i I ~~ t t i — l ) i ’ 5 u I \ , - c u d  th ’ s u -  u u h u m t h u m -  s h u i e - h h s  we ’re successf ’u l i \ -  used in ti -ic ’
1 1’M .

2 . 1. 1 ; , t , u;  l ast U c - a c t m o m l  R o t o r , Mh ’ 5G l ’ o ( t u t S  n u i u m s t  h : u v i -  c i - i ’ t t u i u i  s l I i ’ c i f i c ’  c ’ha i’ ae tu , - r —
u t - t a - s  ii u m u l e n’ t i - i  i i i - -  i i s e - t u h i i  i n  ( h u e  h ; l ’ M  t -\  s t e - c _ i l . I ) i - v e - I o p m c - n t  t t m i i l  I t - I  ~i ( ’ t i y ’ i t i e s  we re
( - ( - i n ( i l l u i - - C I  ( I t i l ’ i i u g  I t h : i s c -  2 U  to ve r i f y  t hu - l a t e - s t  t h i n - i-c ’ W i n - c- n ’o t cm r  c c o u f i g i u r ’ a t i e m n  I i  h u c
:ui l - c 1 t i t u ( i ’  tot ’ h - I ’ \ I  c i t - i ’ . ‘ I ’ h i -  i - I ’ ( f u m i n - c -me- n t s e)f M I  ‘e l t i f l i h i l i t i I ( i c ’ , l x m l l u i - x l i ’  t a n h i l v  s i g n a t u m m e - ,
I i  m i t t -  c- in - i s i x  i i i  mass un ll:ul;i n a - , Ii dh xlc-  p raid ! , and (‘c ) r i s i  st a n e - v  of ’ ( h e -  t a m  i lv ella r a c t e - u - —
i t - t i e s  c o n i t in u i  I to hi - - v i m - j i l t - c l . Thus - t i - - s t  arid eva hu ma I ion of a j  i l ) l ’ I m X i  m at c ’lv’  I S i a m bi  u’s
i n u e l i i ’ : u t e - d  ( f i a t  t u l l  of (Iii’ ro bi n’  e - l u t t u ’ : u ’ t i ’ r i s i t e - s  a i ’ e a c c e p t a b l e  and c _ ’ o i u sj s t c n t . I ) ni -  ~i l - S(
ins t n’ u mnuu - ni t  was di i-ia s s e - n u i h u l u c d  for ’ a i’im t o r ’ r’c’f) ia ( ’eflhe ’n t  hc cau s i -  of e x t - c - s t - i  \ c  MI - ‘ci.  The-
a e - t u : u l  \ l t ’M  r u u : u g m u i t i t c l t -  was 95 l ie- i - c _ - i -n t of t h e  A I )  (‘onive’rtc’r ( - ; i p r u ( - i t V  but  a sni ia l l
r u r n a u m n t  c-if n o ise  w i t h  ( ii i -  s i gn a l  ( ‘au us e ’d s I ; g h u t  s a t u r : u ( i o u u  c - i f  ( l i e -  - ‘c I )  C o n v - r t c i- .

2 . :t , 7 \ i a i u l - ( I c _ ’  S c ’ n s u ( i v i t v  S t u d i e s . I’ c-sts W e l t  e - e m nd t ic ’ tc - d  at  (hi  i I l t - t i ’ t i l i i l uul
r i nd  sv st - nu l i - v t - i s  to i l u - t c ’ i - n u u i u u e ’  s i - n s i t i v i t v  ( I i  i n a g i t i - t i c  f i u - l d s . ‘c de a i l e d  d i s c i m s s i e u l

f the  m a gn t ’b e- s e ’n - - i i t i v i t v  t i - s t i n g  L-s g i v e - n  iii \ pp enudix I - ’ . Th i s  i - f f o n ’ t  w a s  l m e - i ’ t o u ’ m i ’u c ’d
u n t d u - u ’  r u su p: t - a t i -  I R & l )  t r u s k  u t - l u g t h i t -  N5 7 .\  svst c ’n’i . - \ l t h u i m t i g l i  ( I h i s  activit y Wtms  rue - it

i c - i f  i- o-nit e ’d und i  - n’ (hi ’ c’on t n-ac t , t I le  ri - sit i t s  of t h e  t e s t s  a i- c- j u t - I  e tc h  ci i i i  th u  5 i- e-po m t
h i - c - n u t - c  ( h i - v  h ) i ’ o \ i d - i n f c w n u a t i o n  i-- in t h u -  s e - m u s i ( i v i t v  c - i f s v ’ s t i ’n u i  u i - r t o i ’ n i r u i u ( ( -  to r u i r u g i i i t i c ’
I i -lOs .

2 . 1. 7 ~~1 ’I ~_ _)~-~j gn 
- 

t ) u s - v i - i o p  l a b  Test

Fbi - -  f)u rIut )s-~
(- of t i l t -  \ I I C R (  iN I ) i - - th ica t e- d  Lt roc e-ssi u i’ t n hi t  ( I ) i ~L ’ ) is to r i c e - c -p t

~i I (’ U( iN sc-niso u’ dat II - pr - c - iv id e- com p e- n sat u on f e - i t ’  d m i f t  and attitude m ’ e-:u clout ( sout i’ccs ,
suI ~, i - navi gr t ( ion  Ju:i  t ions , arid 1mn ’ovid c backup da ta  bus cont rot . \ fu im i c t  i on r i  I block
diag i’:inu of th 01 -h is shown in h” igu t i’ c ’  I - I . The l ) i u t t  c on s i s t s  of ti m - c - us - m u l t i l r u v e -i-
m c x l u l u ’ s . h ill y a n - i-  t h e - ( e - u i t r ’ : u l  l > r’uc ’c-ssew t m ih (  ( ( ‘ i ’t  ) shown in I- ’igt t r i- ’s I i  ‘ ( n u l l  16 ,
t u e  l ’ u o c -s son ’ M - i u u c - i m ’v I ’ M i  slut wmu in  L i gu  n - i -s 17 unt O Is . and th t -  t ’ i-oc ’essoi-
Inpu t d ) u l t p et (  I’I u~ shown in  h - i g t m  n - c -s  -19 r ind  SO.

I h i u -  t h m - c - c -  f ) f ) (  n u t i u c h u i t ’ n - e  r i t a - of ’ th c s a m u -  s i / c ’  as o t h e r  M h C I ~ I N M e - idul e ’t -. The-
hi o t i n - c Is  a r t -  high d e ’ n s i t —  m u l ( i I : u y  i ’ m ’  p u ’ in t c - i l  ci n ’c ’u iit boa n’ cls , dc -vc ’le pe-d t st a n ida r -d gn’oet n id
i - t i l t - s  e - o n t p r m t i h m l c -  w i t h  M i 1 — P — 5 S u ;  I i t  r t ’ q u m i u u -mn i - n ( s . ‘ l b  C h ’ t  ~l I~it consists  of 12 lav ei ’s ,
t in - I ’M M I I I  has  6 l r u y  e i - s , ; u mt d ( h u t -  h ’ I ( ) \ I  L I I  has 9 l a v u - i ’ s _ ‘ h ’ h i -  C l ’ t ’  me xi u li - - d c - s ign
was su ibeon t r - t l ( ’ t i  -H to .\ Igci n i x  Cu- i u’pc i i- at ion h u m  t i le’  i-a i iui ~ e mt c - i - i  v t-c f ( - Of l l f Xm t l e ’ r l (  pl ac’en iu ’nt
and hoa rd m v  out . ‘ f ’ I t t’  ut t t n i i u , m ’v  r ind  h ’k ) mcsluli-s W i -  u u ’  de ’signe-d i n l — i l e u t Sc uis ini g m : i u u m a h
I S I \  i ) u I t  r in d  eom~iut - n ’ i i i ~~I v t - u - I f  c a t i o n  t - e - h u n m i i 1 i i u ’ s .
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2 . 1. 7. 1 l’ u m H - t u t - i n r u l  l ) l - sc n’ ip ( i oml

2 . 1. 7. 1. 1 (‘ en ( ra l l ’ roce -sso i ( t i l t  
~~~~i i .  i he ’ (‘ I’t  - i s i t  16 — h i t  iii ic i’o p m o g r a nimi-’d

I)I’oc’iS se)m wit ii a n - c - i l l  t u - c- t  U rU, - amid i list i’ci e -t io t l  r’ ( ’lx ~ rtoi m i  - dt si gr it -H to r t c - c om ru i eda t c -  (h i - -  h igh
spi e~(i r I i i  t ilni c - t i e ’  c)f the ’ M IC Ut iN mu v- i ga t i on system . Seven gent- ra 1 regi ste-m s a re’ provi ck’d
:unt l  double  p i e - c i s i o n  i mi st r t m t ’ t ions , i m l e - l u l i h i  ru g O o u m h l c -  p t -t - c ’ is i on m u l t i  p ly , h u r i v u . l i t -c -n  i n c o r —
I x ) m: mtc -d  to oI fe ’r  ( l ie  h i g h  pn’ c- ( ’ i s ionl  r c - q u i im c -d  wh i l e  n u i : i i n t : u i n i n g  t h e -  - f i ic ’ i u- ra-v’  of a 1 6 — h i t
I mi ’ e-i c ’ i - - sse)t . Thu - (‘ Pt - functions a i’e im p l c - n u t ilted W~ t hi c m l v  26 M( )S ~l S1 com l) on c-nt s .
‘F i lc ‘S i -  c’ori ituoni ’u it s e r u n i  l i i ’  se ’p :m t a t c i l  in to )  (we) c - r u b - g u m  u’ i u s :  s(andard i  “ed logic- bc _ mi I d im ig
blocks and i’ t - : u d — - c mnl v n iie -n n orv ( U( ‘- l b  d c v i i i ’ s  u i sc - d to i nit p l - n u c - n u (  ( h i -  ins t  i-et c -tic _ - in sit  in
( l i e -  nu i (- m ’op i-og m’an l control  s i c t i o n .  Fa b l e -  I’! s emn ium r u u - i ic-s t he usage - of t u e-s c- com pon ents .
The standa n -el hu h I di t ig  b locks h ru e l bc- c -n d c -v t - I o p c’cl  i -a r - I  i u - n ~ unde r a c’onipanv funded pmogn ’arn
r im - i c! the - i  n - app li ca l mi I i t \ ’  ( em ( hue -  ~vl ICR (  )N I )PI - wa s dcmon st r’a tc’ d cinde r’ -‘c l- cont m’aet
I 33615— 72— (’ — 1 67 I - Th l i - i ’ i - f o i ’ c- , nc -i n - i - dc- s i gm i of the M( )S b umi ld imi g hI me -ks was ne’ ce - ssanv

w i ( h t  t i le  e ’X ct ’jmt ion em f the I A I ) ~~l c_ l evi  c-c - The re -design of t h is de~- i c - e-  was i n i t i a t c - d  to
a l low ftc- d c - I e - t ion u of two M X 1- d c - v i c e - s  in th e ( ‘ l ’ t ’ , lowu -r i n g  (h i -  c is! rtu id inu p roving
i e l i  r u b dli tv .

‘l ’AlItJ - I - I .  ‘c1 ICI (( )N (‘Ph , ’ \IOS C o Mp o N E N~I’S

lx ’  I ’ r t n ’ t  N i i . Nri miuc - l~i i n u e ’ ( i i m u  Q u a n t i t y  R n -  C h ’ t ’

I AoM :tu 179 I u m g i c rm n d ,‘\ u s h u l c n ’ 2

MX 1” :o 1( i2 M u i l t i i m h e - x c - n -  1- ou r

h ’ ( ’’ l ( h i  l I t - I  Pmo g u ’a n t ’u C i m u n t t - n ’  ‘l ’inn -r  2

IN ’ ! ’ :~u I I S P i - i m g r r u n t i  I n t - u m u m f m t  1

Al l :10077 Accunuu [ittcir tunel IIu ffc- i-

~i j ’( ’ :911,75 ‘ c h i u - c u - m g u - auuu  (_ ‘un t r ’ cH 1

l’s :o u o 7 u;  Uc-g i s t e ’ i ’  Stou - a g e - 2

:907 1 Al g o n - i th i u l  Chmn t n - o l  1

J~( m~ 1 - ‘ cuP ’  I - i  R e - : i d  Only  \ h - n i o u ’v

p i u~ l A09 15 U t - a d  On ly  M e ’n i t i i i - v  I

R I M  . \ u P i  16 U t - n i l I )nl v M e -m utu mr y

RUM ~ 11 9 17  U i - -ac h e m ui l v M c - m u i u ’ y
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Niw nul i( -i ’o}mi’ u)g i’ ruiu u I1( ~\ i (‘c - ic _ ic ’s WI ‘i . i (li ve - lope-e l  ( em h~~ i ’ i t u i t  h ie s k I mans l ’ i - r’ oh d :ut  ah i - f  yvi -en t (h a - I 1 \ M  r ind t h u  n o m l v e ) i n i t i l c -  I-; -\ W ) ‘\ I _ l i i i  I j y ’ i -  n u i c - r o ~im I u g u-a m I 1( )M H i - v a - u - s
n I h  s tom ’a gi  ‘ f ’c mr  51 2 ig l u ( lm j  t i~~ I C ’  1-01 rtst i - c i t - t ic - i r i s ;  h 9 u ;  f ocal  ions a m a - ~- ut r i - u n( lv  un-a -H ,

n u l h c u w i t t g  scm-u ’ : t c l u h i t i e j n r i l  f i - r u t u m - e -t -  to h - i t -  a dded  n ut ; u la t i n- ti m i- .

h - :xt t  r i s k - us - si r uuu i l  rut iou - i - f fo m - was p~- - t’fo rn i i  i-i t ( em v’ ntI  i d a t i -  ( l i e -  i i i  -w nu ic- ro pi’ cs m gu ’am ( cxli’sn u t !  i l - i c - l o g i c ’  e)t ( l i e -  ( ‘P h ’  w ith the ’  i m i m m ’ ov ’ c d  I - \ I ) M .  I l a - s i m u l n t t i o n  was h m i - m f o m - n l i -d on
h U M  :170 U S 1I l~~ :1 pr ’ i - g n r u i i t  c - n u l l t - d  SIMs R A N  ~Sy s t e - r n  S i r n u l n u t i c , n  w i t h  S igmi n t l  Tracing
- \ n r u  lv S i t - i .

S I \ I S ’ I ’ h l , \ N  s i n l u l : I t , - s  Oj)d n-ation e) f d igit al  sy s tems  that  are (lescn’ibe,-d in tc,-t-ms of( h e - i  m l og i ca l  ri n d fu muc t i onrul  aLt r j but t ’s , The system clement can 1)1- of a widi- m n t nu g c _-  of ’
t v - pc -s . i n t - l u d i u u g  t i na lu - ig  c- le -n ie ’nt s , wl c-h may b e- described as digita l elements withc li  sc I I  - L u  - n lii i - d c-I  n v  s. .- \n v ccrnil )j nn tt ion of synchronous or asynchronous e lements iu iavl i e -  sin -w i r i O - c l  O i r ’ u ‘e t l y ,

2 . 1. 7. 1 . 2 Pn’oc_’e-sso u M c rn~~t- j1~~~j .  l’ht ’ l)P t ’  c-an ope rate  wi th i i  t h e n’  ( ‘on - c - or
Sc - m i u j e - ci n i du e - t o n -  f lue -mo n - i c -s . ‘c core fllefliot ’V was  usc-H in the i ntegr ation phase ’
li i  -c- n u r se-  of the rl -c- ui to r n r t i n u t a i n  sofiwa na fI c- xihi I i t s - . ~-\ s e ’n i i c i m n udu tc to r’  me- ni i ) rv  Wi (11
e-h i - e ’ t i ’ i ca l ly  p i-ogram mab h u- P1~~ )M s arid mask pr ’ogr -amma lj lc_ 1l( )M s was dc-sign i i-d for
t i - i c -  h m n ’ i - - i dU (-t ion configu t n  Li on. Th e flu e’nu o i - v niodu I c-s we-r e -  fab ricate -H arid t c _ - s t e - d  to c-n sui m’ u -

t h a t  cos t , mc ’ r ’for rn r in ice- and packaging (ern s t  i - r u i nu t s  of th u 1l n’odu ct ion conf igu rat ion couki
be- a t t a i n e d .

‘I rad e’offs Wi l t - made- for - the memor y to ule ’teu’rnir ue - th e - be-st p o ss ib l e -  mix of
nit c ’ t i i e ) mV (\‘hmcs c_ ’on sid c i - m u g  cost , r u n - c-a c) f t i ie standa i’d \ I I C  R ( )N boa i’d , ste) ra ge ’ me-qu o me’ - -
rul e - i l l s , r ind pe iwi ‘t’ . The-sc- t i-ades w e-i - c- lj nts c-d upon available state—of—the—art
ml t j t n m i ’ \  e- omhxin c’ n ts . 0e v- k- c-s un d i r - conside ration we-re-  SN i- PU ( )M’ s , - h K P U( )M ’ s,
~ K RI ):\ l’ s , 16K R( )M’ s , rind 1)0th s t r i t k -  and dy namic -l N R A M’ s. ‘I he f i uur t l  c’emfi gin i - a—
tion for th e- i- ng i n c -e - r in i g  Protot ype- \ ll ( ‘la  )N was establish e d as follows: 4096 words
of volat i le ’  Uc ad / \ \ r i t c -  n u c-nuor -v , - 1096 wo rds of Programmabl e- Ue-a d 4)nl v M -nu ior-

I ~~ ~‘vI u - ru t - i c _ i  5 192  wo r ’ds c-if mask progr a mrn a  1)11’ Rc’a d ( ) nl y M e-mo i-v ( U( P\I) , ni t - shown
ri I” igu t a Si - P rov is io n s (em expand th e me’mo n ’~- to 32 K ar c -  inclunde ’H in th i , - d c -sig n .

I ’li e- lIe-ad \Vr’it u - flu c nn-i i v  is i flu h - il u- r n e n ( c -e l  wi Lii 16 si: Ml -1200 (li’Vic _ ’ i s. I ’h t cse- a re-
-I K N c hannuc - I  dc-v u - c-s o r g nuni i i c-H into -t K x I me-nu o m-\ ’ . ‘b lue’ d u ’vk ’ e-s f e - tu t u  n- c’ ‘FT 1.
eo, l t hm a t ih i  l i l y -  ri n d s t a t i c  opt- i-at ion , c-I  tn t i r i f Li rug ( hue-  n e i c_ I 10 ) 1- ( ‘oil up le ’x n-c- f re t - hi c - i  r - c n , mi t rv- .

- I’ i- c gi’a rn n ia h le- I l c- a d — ) r t lv  f iu e -mflo i - v - is i nip 1 eni  c i i t c _ ’d W i th u s ixt us-c- n l \I ~ I 3350
( 1 I ’ V I ( - c  S . I h i ’ s e  r u N -  b i po lnu m’  f u s i b l e  l ink  H e -v - i c - c -s w i t h  :u I N  x - I o m - g n u m u i , a t i o r t  nu iu ( I  h a ve -
c - i l  iu ru c - c - i l  I c  i t  O n ’  out  puts.

‘I h t -  f lu - r i d — I  )n i v  Mi-mor~
- i s  mu ‘chunmni  i c -H with e ’ig h u t ~v 1 Ml 527 5 hi polnu m’ 2K x 5 device-s .

h” e - : i tu i  n c - s  of t h u u s -  d c - v i e - u - s  i nc ’ lu d i -  an n u e c- e ss t i ~ u c -  of 120 us e m y c ’  m’ th e - Ic _ mi t  r n i l i ( a  i-v t empe ra —ui i’ - range - , e mp c -n t ( ‘ 0 ) 111 ‘( ‘(C) t our (punts , and low c - tm i - n - c - mit  l ul l ) L n t 5 W iui( ’it flu l i i i  lTi j Y e’ add r- e’ss l ine ’Ii  t r iO r ig .

iloth l1 u M r i m - I I ‘Il ( )1\j me-mc i  ri c-s h n u y  c- t i le - i n- \ (‘( - ( cmi i i  i ru n s c or ui tc ’c’ tc - d (c m - ‘ vo l t st h t ’o c_ m gh ~~we’ I’ SWi t ( ht s , so t h nu t  the ’ d c v  ice’r-u t i n - c -  in standby - com ie l it  ion wile-n rio nlc ’nto n - v
(-vt-li’s ni r e r o-q u i ‘s te - e l , thut s m i n i  ml / rug ( h i ’  f )OW i - i ’ re- qu i t  n’ c- nue - nt s.
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l- ’igum u - c - 51. I)l’l’ —‘c-ni icorud iu- tor  M c mi m r’v ’ I ) n g n u n i i at iou i

Il e ’c-niuus i - pe ‘n’ I o i-ni ru ii ( ’ i - datnu (-in -i II -‘c ‘cl’ s ov um’ full n-ui iii tnt i-v te rn h- i l  n - tu tu  ia i’nunigc- wni  S
m uo t : i v n i i l n u h u l c -  n i l  t h u  ( m u ’  e)f the- me-men -v di- sigmi , samp l e- q u nu r - i t i t ic _ - s of (lie- RAM dc-v -ic-c _ -s
wi - i’ - c i’d — - i-c-cl aruul t u t u  c h uru i-act m - r i  sL i t - s  we -i - c -  flu crtsui t e-(l ove r f u l l  n i I i  t n t  i-v t e n i p e  r a t u  me-
u ’ : I n u g u -  ( — 3 5  C l i i  12 5  (‘ i, ‘I h i e’  c h u r u r ’ a e ’ t c _ - i ’ i s t j c _ - s  t i ’ s te’d at t a c I t  t c _ - mp e - t ’ a te i i’ i ’ i n - l u ide’d the

I ’d’ S s ( l e n t -  c f  t h i ’  d c - v i c e ’ , i t s  n i h i j l i k ’  to w n - i ( i -  i i t t e - i  nuu td  n -c-rid f rom - ig hu l r u d h l m ’ e s s  h o c_- at i on us:
t in n u l l  l ’ s I ) : i t f  u - r n , a h i - u n u a t c ’  I s  ar id 0’ s , and a l l  0’ s . Also ( c _ - s t e - H was tlu - e ’ur rc- n ( in se ’cl
I cy (h e- t I c  - v - i c - c n i t  cliff c n c _ r u t modes: str umud l ,-iv , i- u_-ad, wi-i t e - , and a lt e ’i-nn i~ e- n ead rin d  wi-i ( e- .
I c - s l i n g  wn us  a lso u - t i - i t - n - i t t - c l  ( c  d e - ( c - t ’ n u u i n i u -  r n i n i m u m m  chi p st ’I e ’t ’ t t ime’  n e c e s s a r y -  to 1)0th

:1(1 n u i u c i  W I - i t  i - . f b i  - t i  ‘st s ind ic n i t ed  ( hu n t  n u t l e - c 1 u n t t e -  design margins exist in the ’ rnc _ ’n iio i - v
dc- sign .

In o r d u - u ’  ( c i  h u m - e - i v ’ i i h c -  n u c - i n \ t m h r u l i h ’  s t o r a g e  fe - i t -  c r i t i c a l  da ta  and -ons t a tu t s , a 1 02-I

wor th  c - I c - i - I  i ’ i c ’ t t l l y  n i l t t - n ’ ; t L m l u -  i - c-a c _ I onl y ’ n iuc - ru u om -v ( l - A I I O M ) ,  in - i p l i ’n i c i i t u ( l  w i t h  M N O S
- c lmm u olog v , i s  pm ’ov idt ’d l i t  (we-i h iv ’h i - i c _ I  packages  ~(‘a h ih i t - a t i o i i  C on st r tnt  Sto n -age - I am - it! 2 )

; ml i ~ s i ( ’ a l lv  l e , c ’a ( e’ t l  c ml i  S h -~t ’  No . -l n uodumli ( S e - i -  P a i n  2 . 1 . 5) .  I ’ hu is  n ue - m ot ’v is usc -cl onl y
in h ~-iw - r — u u p  t u n i c _ i  I )c)Wi - r—tlc)Wml SeqUences. At f- iu ) W i ’ r~~ Ofl , t b - i c’ c_ ’c intent s of ( hue ’ \ IN  ( i 5

m u i i - ’ n u i c ) i v ’  is r u inu ~ipc’C I i n to  n u I x - i r - ( mo ti  of ( 1 - i c -  v’ o la t i  I i -  11AM . -‘c t h mo w u - t ’ — d owml , tb - ic -  f)i’Oc’e’sS IS
l u - v  - i - s i - i l , n u i i t l  n u ~x r t ic ) n  1 02-( we - i m ’ uls )  f th e -  v o l n i t i l i ’  I I , - \ M is s n i f ’ i l y  b m r e - s I - m ’ v ’ e h  in ( h - i t ’

nucm n v’ o l n i t i l i -  h , , \ i I (  uM .

2. 1 . 7. 1 . 3 l tm -c ‘sso n- Input t ~~~~~~~~~~~~~~~ l ’ hue’ l ’ l (  ) moulc i I t -  con ta ins  tiu u_ c c -  tu ru _ I c - i m
S t C t i t ) i u s :  ‘I ’h t  C I’l - c _ a - l a t e - e l  i r u f m u t  ‘e ul t h a t t , (he’ h ) M ~-\(’ i n u l m e i t  1emui tp ut  whi ch - i  t i - a n u s h i - t - s  dat :t
hetwe-en the ’ h’ rocesso r Me ’nu ory a nO si : t , and (hi  - 1 ) 1  )(  

- — k x t c ’m - n n i l  I I )  t r i t e ’  t - tn m c e . ‘l hc ’
I )  \l ‘cC logic’ cont m- o is t h i ’  I n -ans l i  - m ’ oh’ n u f ixed amount  of cha in in a fixed sequ ence by use ’
of’ cl i re -ct mi - - l ute - i  i ’v n a i l  -ss . ‘l ii i s su -c 1Ui -ru e - i - - is in - u i ti  r i te - t i  l i v - ( h ue -  cmc cct n re m - ice’  c_ - i l the f n us t  c _ y e - h  -

t n t ’  - n n e i  I mt — I )u n - i ng th  - I h t n t s c  - 2~\ cost u- e’ c i u e t mon stu d ’ , i t  was e i e - t  e ’i ’niu i ned I l in t this logic
(‘0111(1 lii j i l l  p l t ’ n u t i - m l t i ’ t l  bu y-  ; i s i n g l i -  M ( ) S - ’ I , SI u i t - v i ( ’ i ’ , I emwt - r in g t l ; c -  c’oS ( c - i f  tIle I ) l t ’ . At
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li e ’ out 5 c  -t u t  ( h u t ’  h d h i : I s e  ~ I r o l l  i - n u t - f , i t  was bionic _ i t h n u (  i t  W t - i u i ( i  h i -  t i c - s i  u - : i hl  u - to I i i -  nuh l u ’

t i m  t u i c u t l l  l v  I hi - Sc  - q t i c - u u t i ’ c - in ’  n u i u u u u u n l  of c l n i ( : i  t n n u m l s t  i - r ’ r i - c l  i l c m  u - m ug t h u  s s i c - n i t  i u l t t - g  i - r u t  i c — mu .
\ \ ‘ i t h u  ( I i i ’  I ) \ l W Mi u S i nuu l m hi’nui e tu tn u ti o n l , ( h i - s i ’  c ’h nun ug u-s nu u i ’  v’ ( ’ i — v d i l l  i c - ed t i n t l  ( ‘ i m s I f y  t o
u u m i h u h i - n u i i u l l . ‘f l i t - i - ’ f o i c - , ii i  o n r h ’ r  te u - u - i l u m - -  t I m e ’  schc d t i h c ’ nu tu ( l  ( i ) S t  u-ish du i i’ uu ug S \ ’ s ( u f l ) S
i n l t c -g n ’ a t i i i u u . t h u  h ) M ’c( ’ t u n e - l i o n  was nu i rhu n unui ii - i I w i t h  h ) j h m u m l n u i ’  t h y  I c _ c - s .

S i i l u s i - t 1 u i - n t  t c _ m ( l i i -  m l  ( n i l  l og ic -  a l i h E m ’ t  i o n n l i - n (  , I I  was i- l i - t i - m ’ n u u t u u u - u I  I ( r u t  somi - c m l  (Iii -

M I  I ~~~~ I I  ) — I  353 t u  - i - n u i u u n u l  m t  - t n u i - - l og ic  s h u e n i h d  I i i ’  n u t - i - h u n t - i l i t - H  tu i t  ( h i ’  Ph ) mitocl u h u’ , ‘l iii-
: u i h i ! i ( i c n u  ii t h is l c m g i c -  h m r ’ i ’ S c - n t i - i l  a s i g n u i l i e - n u n u t  d c_ -s ig n  c - h n u l h i - u u g i -  i n - i  i m m a h u n ’ to s t n m v ’  w i ( h i u i  ( h i ’
e- c)tis t n n uirl (s c _ f  (lie- h i i u r i m d  si/i’ ti Tle ! (‘Otilie ’ (’ (iml’ p in h i ni t i t t it i i uns . ‘I ’h c - i - t f e i n ’ t  was sc_ u - c i -s s f ’i u l l v
c orn i ml I c - i ! , t h i e -  f i n u n u l  I I  i-oc lU ( ( he- m ug :u n i n u  - f r t v e - i ’  mc m l  (il rt v u  - u -  hc n u u-cl wi (Ii (cmi P~lleuu ( S
nloun te -uh i u u u he m lhi su d c ’s .

2.1 .7 .  1 . I l ) P l ’ S ( m f ( - w a m - u - . ~-‘c set of Suh )p c_ut- t softwni u i- was pr -t- iua r i ’cI fon ’ tb - u i- MI (’Il( )N
h )l t . _ \ s vmuihuumhic- a ss u-mLil i -r , ru n t -n- eu pt ’(- h - ir e )(’i’ssuu t- , tu ni c _ I f’urue -tic m n t l t i - s t  progu -nunu us nuuc-
nu u u ue - iu l g (hi-s i - tools . h si rs r u l a n u u t r u l s , i n c l u d i n g  n i P u - i m g t - n u r u u m c - u s  l i - t i - r e - r u e - c -  M n i n u u r u l , an
,\s si ’nrih )Ii-r t s i - I ’ S  \Jn in t u nil , nlti (I n u Mnue u’o Im t_ emc i~Ssc,i I si rs M n in u t nuh vv - t ’ i ’ (emtul pl i - ti- d . Th e
h ) l i I - soft vvru n- c- is i Ic-sc’ n ib c c_ I i mu (lie followi iìg h )ri i-ag i’a;ihs .

I ;~-n~ - n-nil ,\ s su  ‘iu ’ilm he -n’ ~~~~~~ n - t utu - i 1 ;,‘c I~

‘ l i i i  1 ; \ P  ‘ M I ( ’ I l i  )N S\S (ini h )i’ c_)\’i(l c-s hrusi c ntssc’nublv Ini nugu n ig i- pu -og n - ru n u riling
c ’ a h m : i I ,- i i l i t y  ( h - u n i t  i ti c m u  - n u s i  -s i ‘ I f i c ’ i  i ru e-v in - u c- c t - li mug,  dc-hugging,  r in d docutiuuc-n ting t h e \I ICII( )N

i u ’ u u g i ’ a t l u s . ‘l i i i -  pn ’ogu ’n u nu is w i - i t t e t u  in  I - ’ )ll’FIIAN I\’ runud (-au-i hi’ i-x c ’c’uI -cl e n  n u v’ n u t - i e ’ t v
of n,~- ’nu i nt l h u c _ n r ’ l m c si’ (hu ims t ) e’omh cmt (-r - sv s l c ’n i l s wh u i c h  sU p h io r t  thc _ -  t i s n u g i ’  c _ f  ( h i ’  I - ( ) R T I I , \ N  l\ ’
conui m it i- r I a uugusi :u gi - . Th e’ niss e’ru u }ml e-r aced- hits inpUts in a ssenubl e’ n ’ sour n - c - c -  I ru n g’ut rug e- nun - id

n ’ n u u u s h nil c-s t h i-ni 111(0 iii n c _ l i m e -  c -ode - ~ m ’o gm- an l s and listings. The- assemble- m’ anuu l niac’ n- c)
pri’pr -c_ -ia- s soi- a re a v a i l a b l e -  t h rou gh 1)0th -u Ti nuue- sharing I ption (‘l’S( )~ arid batch
pn ’oc c- ss i l ig  e)ii tb - ic-  (‘ orpomate syst c_ -r iu  370’s locate-H in-i I )ownc-v , ( ‘A.

‘i ’hc ’ ( ‘c I i  \ l l ( ’ l l (  )N r uss e - n ib i e -r -  is a svn ih oh ic-  two—pass sy s t e m  t i u n u (  n i s s c _ - m h l t - s
( i i i  - c l  i t  u - C t p r ’ c - i c _ - t  ‘SSc h l t ~~ i- rims in c _ ’ i ( h c  - i- r’ i ‘ho e - ru  t r Od  d us ) i n ub s o lu n te ’  fo r nuun i (  - \ I l  u ) h )j  c’c (
n - i - i : t c - h u i i i t  - i must  rue -I  ic - ins  an(l c l re t r i  fon ’n in mt s  n i u’ i- SUPI 1O n - t e d  us w i - I l  ru t -  a s s e - m l m h c - r  di ‘c_ -c t i v  c ’S
fo r -  n i s s u - n i - i h u l c - i ’  ( on’i t n -oh , s ( o i n u g c  a l l o c :u t i o m t , d~u ( r u  d e - c l n i m r u ( i o n , o ei t h i l m ( l i s t i n g  f o i ’ n u n t ( t i l t g ,
n u r ~ l assi  - n u l m l e -  t ’  oui ( mut t opt iomu s .  l~ t ’ t’ O t c _ l i t  i ’ i ’t io t i  r ind  m - e - po t - ( ing  inc lude- s  sv t l ( nix amid

r u i n u i - h u i n m u -  i’ c ’ s t u i c ’ t i c m n s  f o m ’  con i u ln imn  c - r i — or ’ s , \\‘n u r - n u i n i g s  r i m - c- g c - i u c - t ’ a ( c _ d  (0 i r n h i c a t e -  possib le-
i o l n u ( i o n s  c i t  ( ‘ I l ’  h n u i ’ ui ~v ’ r im ’ c - n a - s ( r ’ i c t i omus . I n ~m~c m i ~s are-  f i r ugge- u l c_wi t h e -  gu- m u c - ra t c - d  l i s t i n ug

w h u e - i ’ i -  c _ l u c y  ou, -c - ui m an d r u m - u -  a l s c  su n l m n u i ’ i ,  i- c _ I  in  in c - r i - o r -  t r u b m l u -  p r i n t oe u ( _ liii h - i r ’ i n u t e - d
out  h mui (  i nc - I  ustub -s n u l i s t  lug  of n u l l  sv mh mo l  s us e-c l , i n c - lud i ng a c_- e- im p l c - t i -  c - r o s s — r e - f e -  r ’e-nuc ’ imug.
‘ l ’ b i u -  n i ss i - n ul ,l c u ’ oum (fmut is a h i t t t l ( ’ h t c ( l  h - i r t l~~’r ( t u i v l n u i ’ )  t r u h m c _ -  t h - i r t t  is c’ e ) n u l ) n i t i l m h ’  w i t h  ( hue ’
M I ( ’ l l u  iN ‘ I t - s t  I’ ; t l u i l u n u u i n l ( .

I u n lc - I  i e ) n i n t I I i ’ s  I I c rog m rlnu u

I ’h i  - f u m nc _ - (  i c n i n i l  t i - s t  p i og  m ’nuiu u  is  c _ l u  ‘signc ’d ! ( c - i r - ov’ idc -  ar l ext c - n S i  y e -  c - h ue - e k o u m t (if ( h i e
\I l ( ’ f l  ( i N  ( - Pt - , I ‘I( u , r i n d vI c_ - nile ) n -v Mo cl umle’s . Inc lli ( It  ‘H in t i - ic  - ~-ii’ ogr’afll a i- c- sc’gme’tul S
whic h n u u n u y  b e’ chri  n - t i c - t i - i - I  ied us ins t  ru m u t ’mi t ( I e ( ’ o (I c ’n - t e s t s , f l l e m u m r ’ v’ r’ e :u cl w r i t e -  t c _ ’ s t s ,
sh i t  rind c _ - v  c -li’ ti-sI S , logic - al  n in th  nuask opt - i - ac _ i o n tes ts , a u - i t hu me ( i c  atu ci (louh ie p l c ’ —
e - is i o t u  n m i - i t h i m e ’ t i c  t u - 5 I S , ( m u i r  l u s t s , m u d  I C )  t e - s i s .  l3 i c ’h u  ot ’ t h t c  si - -gf u c ’iu t s cOn S iS t s  e)f
s c _ i h c l i - s t S  whu i c ’h  t ’ X i - l ’ t i s i -  thu v - n i  r i d - i c _ i s  po s s ihh i -  i n i s t t ’ u m c t i o m u  v a  m - i n u t i o n u s . ‘I l - ic ’ s t r c _ i c t u u c ’  eul
lii i ’ ~) 1 0 g r n t m  is n u o d u l n i m - , i _ c- . ,  ( h u t -  sunb t -s(s or s umbr o ut i i u i - - s  ni t - c-  -on ( ro lle ’d t u y  ~t ( c _ S I  (r ubli-
wit k - h f l i n t y  i i i -  r t r : t u i i  I m u i l n i t e ’ ( l  by ri ti-st olu t m ’ni tc i m ’ . h Int s , l i-ic’ u i s e - n  c_- a n i ’ x c c ’ U t c ’  a l l  c - i t’  nu t uv
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-- — __

~ 
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sc - I c  c- I c - u I  p u m n ’ t i o n u s of t i - i c -  ~u u - o g u ’ n u m u u . ‘l i i i -  h - i i n u e - ( i o u i n i  I I i ’ s  I I ’ m ’ og m’amiu  u s  e - o n u u p i ’ u s i ’ d  ut  h i ’ --

( i - - S t  t : u t u i ’s w h i c h  I c - s t  I l i i  v - ni  i ’i oe i s  ( ‘ c - i m l u l u i i r u t  i c m m i S  of ’ 1 ) 1 - i l  n u i o t l c i l u - s :

S t - I t  ‘ l i - s r  l i i m r ~ I n u n u u  ( ‘P t  , I ’  N 1-1 2 19 - Su ’i l — l N o . 21 (112— 00 (11

Sil t  l c ’s( I d l u ~~ u~n i n u i  P~\l , l~ N 1 122: 30 1— i N cm . 2 1 0 1 2 — 0 0 0 3

S c l i  li -s t l d u c i g n a n l u PlC I , P N 1 3 3 9 0 — 3 0 1 — 1  No. 2 ’I ’01 2 —000 1

‘vio dule -  I t - v e t  te s ts  a r ’ u - c- onu d u tc te d or -i I ) i g i t n u l  , \ u t onu u a t i  c- ‘h ’ i - s t  h - quu i pr oc -nt  ( I ) \ l l - ,) .
i i h i i c ( ’ I  c l ’ c c ’ 4 i t t l l i S  I O u ’ ( h i t ’  l ) , ’ c ’ l l I c - S i c - u ’  w i l l ’  Pi’ eh flhi’ t u l  I on’  i ’ ac’h c- if ’ l h u i ( h i ~ ’ c - c -  D P I n l o d t l h c - s .
‘I ’ 1u i~i - c - ~ u 1 i 1~~m i l  s c , t t w m e n’ t ’  p u a m g u ’ : im s yv’ c - u ’ c -  i t s i - t I  t c g c m - l n u t c ’  (Iii’ m e sle m hi’ ( i ’ S t  ( r i p e  s _
I )c ie ’uj nlu i  - n t a l  ion  ci! 1 h i ’  I c - s I  sot ’(wn i  u - i - is , ( hi - m u  - t o r ’ i ‘ , i u  ( h i  - ftn -nu of ’ i u l i t  pu t  l i s t  i i l g s  ‘ i i  I hi-

t Ii t’ i ’ c ’ l i i ’ o ~~u ’ : u1uS . ‘l i i i -  ( h u n ’ e ’ i -  juu’ ~ g n’amius nt - id ar’i ’ thus- Ml (’Il( (N A s s e -m b l e ’ i ’ , ( b - ic -  s I M S ’ I ’h l , \ N
l e - i - 4ic ’ s i n - i c i l n u ( i - m t ’, an d a f ) ’ c I ’ h i oni up i l u n’ _ ‘ftc M l ( ’ l l (  )N , ‘cSsc mbl i ’i ’  is  c i s u - t I  o t u l v  t c m r

gen i e - I t O  l u g  t e S t  pm ’o g t ’ n i f l lS  t en ’ the  (‘FL

2 . 1 . 7. 2 l- ’ r u b m r ’ i c ’ t u ( i o u i  t imi d  ‘l’ i ’ S (

‘I wo s c _ C S  of h )Pt me-idol ‘5 ( o n e  t I ig hu t S i t  nI t l ( I  e )r u c_ ’ 
~I m u  i i  - S i - I )  n i  ‘r c  - fab I - i c _ -r h c-cl ,

n i s s i - n u l u l t - i l  o u c h  t i - s t e - H . It s h u i m u i l c l  bc n o i c _ - i l ( l i n t  t h u  n u i e - n t o n ’ y  n u o d u h c ’ s  w c _ - m ’ c - l i n u i ’ t i n u l l v
l i oP U h r u t c ~ I s i r i t ’ i t h e  f i r - i n t l  e’ot he f o t  I I I  (M’ s n u n u l  P R O \ I ’ s yve t- c - u i - i t  n i v n u i l a b l e ’ _ ‘ l ’h u -  p n t t ’ t m n l l v

u~-i~iu1 n t t i - i 1 nil i - r iio u ’v i mut -heic! i - s Chit- full c’c ’utit plt-nu c _ -n t c f ’  ll:\ \l  , 2K of I I I  )M w i t h  nu ( c - -st l - i n u ( I i ’ u ’ u l ,
n u n u c _ I  I i~ c-i f h I l t  ~vI w i U m  n u s i - l i — I t - s t  i u e g r r e n u _

.-\ II  1) 1 1 - c’onui l~ m n l c - t u t  S we ’r ’c -  f i  i oc’u i- c-el fmon i outs ide v ’c _ e d o  n s  wi t  hi ( h i  - e X ( i ‘j i l t on cml
( h i ’  ~l us l i - ig it’ dc _ - v j ( ’ c - s  auu el nu l i ( ’ r ’o ~) i’ogrn i n u II I  (M’ s , whi c-hu we - i - us -  f a l m r - i c r t t u - -ui i l i — l i o l t S c _ .
‘ l u - s t  s I n  t i t l e - a t  ‘~us w i - t ’ c - c - s t n i h l i s l u e c l  lot ’ the  M( )S c l c v i e ’ t s  to nI SSIt I’c_ l )mm .c’i o h i i- i’n i t i oii

in tIme’ \l t(’ III iN ,-~v S t e - l u i  e- n u v i  r o n n i e - n t .  ‘l’r u b l e  15 shows t h e- t t -s t condit ions tl le M C (S d e v i e - e -
n u I i  i I i O i  c -ti-c _ h to i t  b i m t h u  w a f i  - n - probe - rui td  ma i-k mtge -d d c v  ic - c - h e - v e t s . II s luc _ ei Id be - nu - i t e d
( l in t ru t c _ h i - v  c_ - i -  h e - v - c - h  t e s t  i l u g ,  (h i ’  v e i l t t u g c _ ’ s  vv ’ c- re- v - t i r i cH ov-e r twice t h e- system spec i f i c a t i on
i ’ t t f l g e ’  I c - i  ; i S S t t t c  n u i h i ’ c 1 u m n u t u  ( h - s i g h  n - i r t i ’g im is _  ‘I ’hu t e ’qu mipnu e ’m I t u t s -d tot ’  t i i e s c -  t e s t s  was a
I l i m t ’ L w c  I l  i c i i j l c _ I  MC uS 1 51 l i - s t e t ’ , t h u  te s t e r  pn -ov ide’s clocks , v’c m l t r u g i ’ s  r ind  u m u p l i t  s l i m e u l i
: i u u t l  h i i i m u u j t c u i 5  t l u i -  c _ l u - v i e - u -  c - i u t l i c i t S . ‘ I c _ - s t  I - i n I ( t u - m n s  ui,it ’  e-ach incl j vi t li i nil c _ Ic -v - i c -i- tv - h - i c- \ V c - ! ’ c _ ’

c l i  v - h i p -i l  tn - c - in - it (b ut- logic i- qUrtt ion S u l s ing t h e - SI M S ’I ’ll ; ’c N s i m u h n i t o i ’ _ Iii c a s t - s  wlu c r i ’

t u  st r t -~~u I t s  i l u c l i d - a ( e ” h  1 m o t i - r u ( i n l l  h ) t ’ o t ) h i ’n u l s dur nua l-ginnul o pe r a t i o n s , a’h hit iu uuunu l ( c - s t  ~il (s
w i - n c -  r n r u u h c  s i ro win ig  t h u  c-ci t - v  c -  c - if c lock v o l t a g e -  as m e t i u n u e - t i o n u  ut ~~h ) I )  t h r i (  c _ I c - f i r - i i ’ s  ( h u e ’
I i ,  u - i l e - n ’  h , e-tw e ’e- n OI fl  u - n i l  i u i g  n u i u c h  t i o t i — o j m e ’ i ’ n i t i n g  ,on c s .

.‘c t i ’ S l  pl r u n  t o t ’  I ) P h  - s i i b n u s s c _ - n u h l v  l e v e l  i m i t c g t ’ n u t i o n ’ i w n us  v v ’ n u t t  I ’l l .  ‘ ( h u e ’  tc st p l r u n i
s l id  ( ‘ i  t i c s  functic m nrul ic -sting mit  n oul u i Ii - at -id s c u h u n u s s u ’ m l m l y ’  l i - v - u-! as sh own i i i  h ” i g u i  i- c -  52.
‘I h u c  ! i n r u l  t i - s t  i t t  t i - ic -  l I ~cw e - cuns i s t S  c 1  I u ’ s l i u i g  n i t  1) 0th - i h ig h ru n - i d Ic _ - iv y- ( e ’r i u pc _ r ’ r t t u i i c _ ’  i ’X I i c ’tu ue-S ,

i I l i ( h i  - r Wc)r st  casi - v o l t n u g c  - c orut h i  I ions . I- ,na’Iu c)f (hue’ two S c _ - I t -  c-if I) Pt ’ n u i o du l e s  suu ce’ e - s s t e i i  lv
i t - s c - I  t h u - s i ’  I ) h u t ’  I~ - y i ’ I  te s t s .  h h i i w i - v c - u ’ , s i ’y - -i’a l p n ’oh he ’n i - i s we -me - di~~c _ ’o y ’ e - me -d  t ouch

c o  i-i _ i-c- l i - t I  du t ’ in t g  l b u u - t - e ’  t c ’ s t s _

‘cl ( ‘ 1 > 1  sy s l u m  l u - v u - I  ( u ’ s ( i n i g ,  ( We-i pi’c h l c _ - t - i i s  w i t h - i  MI S 1, 51 i h t ’ v icc S wc i’ c ’ found .

~\ pt’ i ib l ~-m w i t h  ( I i i -  A U — I  e l i - v - i c - c ’ s  m n ’ oc _ l u c i d  ru n  c -rro nu c ’ous em u (h ) U t  on on e’ pin unde r’
i - u - i - t a in i nt~ m ut ccmdi t ionu s , causin g tht c-  loss of e ight (‘Pt inst rum (-tions. The sou r i t t  - e) f t h e
I t  i- u - i l  m l i - n i t  was ( t r u e - e e l  to n u n u e - L : u l  coniuc-c ’tion wiu i c -h - i slit-i m-tc ’d out a spe ed—up capacitor’. .-\

9 I



‘t ’ - \ l ~ I I- I S . ‘ll- S]’ ( ‘ c _ u N l ) l ’ I ’ l ( iN —t

1 i n— I N c , • I n  * 1h • *1 i

\ l ) l )  \ ‘ I ) u ’ u - 20 , 0 0. :, - - I -~~ _ 0 0 . 2 — 2 2 , 0  - 0. 2

I - I c  i t ’ k n - -

- 1 . 0  0 3  — 1 . 0  0. 3 - 1. 0 0. 3
- “I (VI)(’ i -20.0 0.3 

— 

- l~~~.0  0 . 2  - 2 2 . 0

i l l j c U l S

‘ 0 ” ‘c DC - 1 . 0  0. 3

‘‘ I ’ u \ IX’

h U g h-i - l  ~~ . 0 2 . 0

L 

I . i i vy - — 3 , 0 0.  3

C l u e L  h - ’ n ’ e- u  I e i c f l C Y
- M h l z (  1 . 0 0 . 0 2

(‘lock ~ c ’ j c : u i n c t i o i i
in s t - I - u 32 3

lcnmi p c ’ m ’atu r - e -  
- 

2 Tc°( 
- 

23°C. J~~~°(’ 
— 

V i i  i\ ’ l )( i -5 ,0  - 0 . 1

N c c l t ’ t ‘l c t - I  I mu I ) c r ’ l c _ ) m m i m c i l  n ut  w r i t e r  pn - obe mi ti e l  ru t  p m i - — st ’n i l  c u r t l y .
‘ I e -n ’ for ’nuui ’ I t u f t e r ’  s c _ r u l i n g of i l c v i u - e ’ s  -

cost eft ’ i - t i  v u  - i -n m hii t i e tmu  to thu is  pn ’c-ib le’ m was i nih u l c_ - me - m ute - H l iv  re -wo n-king existing wale-n ’s .
‘l ’hc - r ne t n t  I l in t  e’ causi r ug the -  short w mt s etclu c’cl out using a specia l  t ila sk p repa re ’ch for t lu i ,s
pc_ i u ’ ~ ii mSi  - .

‘I hi e - se C ond! u n’o b l i ’nu  n i - q U i  i- e d  ‘ u -c _ - v - i - I hu g c ml  a ‘yI ( iS Ut )M ,\ C)9 13 c_ Ic ’v ’ ic ’ e . ‘I’ h uis
Pi’0I)hi’tll was c’n iu si--d li\ r u n - i i c - t ’o pn ’og i ’n t m cod i ng error , r t f f e -c ( i t i g  ( hue ’  do u ihle - pt’ c _ - c i s i c - inu
nucle I  an -id subt I n c _ I  i t i s t  n - uc _ ’ t ic - i r us  during e v e - I c -  st u ’al . i l e n c _ - y c l i n u g  cii  t lue  d c - v i c e  was coni h i l c _ tc ’c _ !
i t t  twc w e - i  ks . M e- anw bu i  I c - , douhl e~ p r u -c i s i on  nrc _ h i mind subt n - a c t inst  r’ uctions w c’r’ e- n’ e’p lm ice ’cI
l i v  muu t i e ’  ‘ems i i u (Iii - n i s s u  ‘ni l  l i - i ’ . In tbui s way- , tb - ic’ a s s e - n - ih r lc -  t’ ge - mic- - mt t  c _ - el  double pr - c- c - i s l e - i n - i
ri m r u e -  t o  i’ t ui t hu - -s w h u c - h  c _ I i c _ I i io ( cc — n t r u i n  (h i -  in s t  t ’u ct ic - il - is n i ffc -c’ t i- i l  I I l ie -  nu ic i-o cc - ic _ I c - c ’  n-t-ot’ .

2 . 1 . 7 , :t 1 ) 1 - i  t ’l’ c- ni pe - r r u l i m r t  h S - s ( i t t g

e m l u u ’ r - r i l u m - i -  t u - s t i m i g  was c e m n d u t - ( u t I  ri tw o p h u n u s i ’ s :

I. I’ t ’c -I i r iu in nun - v ’ -on -if utli’ , i (- u- ti’s (5

2. ( c  .u l urI- h t- nu s i vi’ ti’!tl l ru t’atul t - t ’  ( i - s f  hug
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I ’hui ’ mu r- jme ’,su - t m t  ( l i i ’  i c u ’ t ’ h i n u u i r u n u u ’ v  1 -515 ve’ :u s to i - h - i t - c - k  t - i u u l  t h u  I t - s t  fixlui ’ i- n i t  ( i - n i i l m m - i - a t u m m — i-
u ’ \ l  t - u ’ r u l e - s , i t h i - n u ( i l v  n u t u v ’  b~ m t c ’ t t t i n i I  e l e - s i g n u  I - i i ’ e-i h u h c ’ t i t s , rumu ( I  v i - u ’ i f y  l h i -  a c _ I t - c _ j c i ; r c - y ’  c- if ’ ( l i i -  I c - s t
P t u e - i  dci ru -s u ntil c i  i t  i~ miii  i - n u t ,

1 u ’ c ~iti - i i t-i r uu ’v l i s t s  w i - u i ’  c - tm ele tc’ t e d liv i hlst rt inu g fl u - t i - S t  f’ i x ( i i r ’ i -  w i t h  t h e -  I ) I ’ t
t ui t wlc _ i Ic - s m i  u - i t h u  I i ’l uu j c e - i - n i  I c _ t n - c  - c - h u r i n i u b i c - t ’  n u m u c _ I  m u c _ h j c i s t  i iug I h - i c ’  ( i - i l - i f - i t  - i - ni to ri us  lu u l  I u~~ 5

h i g h  ‘l ’ e t u u l u i ’ m ’ a l e i u ’ i ’ :  73 (‘ n t  lucille-st hue-rut r -a i l y v - it h u ~cl ( iS c_ - o r t t p o n u - i l ( s

I ow ‘Iu’nl t l mt - m ’n u tu t’c - r — .1 I ( ‘  ( t i h i l  soa k

I lii S c  - I in ’mr i (5  ni - re bn tse -d cm \l I(’ l It (N l’ I 1M ~ 
ii ‘i t ’i e ’ n u (  i c - in - i  n i  ‘qci i t ’ i- n u i ’n t s  a u tH c _ l t - n t i  I c -H

l i i i  n - n u u n u l  m m n i n t l v  S I S  e f  ( l i e ’  s ’ ’ S t e i t u ,

‘I ’hu u ’ b- ir i- Ii n l i n uni t ’ y h igh t c ’ n u j m u ’i - a ( u t ’ e - (c-st was comp h e - t c - d  succ -e- sst ’ u t l h v ’ , h wn i s
c i l c 5 -  n - v i’d t h i n u l  I i i - thi ’n ’n unul u t - o l i l u -  of fl ue - ( ‘ l L  cl i f fe - r ’ c ’d l i - t int  (h i -  p r o f i l e -  mi ’ i - d i c t i - d  lot ’
t h ~ - r u tcm dc _ i  I i  - w h i t - n i  t t u o u m n t t  il  i t t  t he  h - I > ‘ y l e’ h n u ss is . ‘l’ h -  ( c- s t  Sc  ( — u n p show- c-c l a l up n ’ em xini mm te -I y -
~l( ’ f lue ’  n ’ n u u n u  I g ma chic-n i t it m ’ c S S  t h e  - m odum I c - , a g n u i n s t  1 9( ’ no r st c-n i t - c -  t c_ ’mpe rn uturc-  risc in
t h  - i’ h - i n i s su s , h- o n’ c’c) r l u h m i ’ c - i’ie - t us I v- c - t c ’ n i h m (  t ’at ii r( ’ t ( - St s , t i e’ te st f i x ( u t  re V~’ni s n ieiel i I i  i-c _ I I)v ’
nu t l c _ I i uu g Iwo h e ’ n u t  s i nks  w~t li mcxl u l c -  c - l n i r n h m s  am l( 1 t u h i h u m ’ c ) l m r i a t c ’  c o v e - n ’ s  te ) s i m u n l r u ( e -  thi-
a e ’ I u n u h  l I u e ’ t - r u u n u h  ( ‘Ol l d i ( i ouis  t h : i I  e x i s t  iii (hi . - I~PM chr i s sis . I’he -  mo di i ’ i u - c _ h  ( c - S I  f i x t i n m ’ c-
is shown i n  I - i g c i m ’ i ’  33. ‘f l i t -  h - i c _ - mi t  s i n k  is m n i i n t n i i m u c _ ’ c _ I  r u t  50 C for  h ig iu  t e ’ n u l p e ’ m - r t ( u t ’ e - ( u - s ( s
: u m l  at — 3  I ( ‘  l i  r l u w  t c_ - m p c- r ’ a ( u  r’(’ te sts . I’e- mpc _ - n - a t cn l ’c - te sts we- n - u- e-otu m’Iu ic te -d at nuo mi runt I
t un i c _ I  w o t s (  e n S -  v ’ o l ( n i g i ’  c _ - c) n ( I i t i on us mis shown i n I- ’i gu r-i’ 54 .

Si - y e -  ral M( (S/I ~SI ~ roblen u a r’ea s were identified and cor re ct e(I vvhi Ic the I) Pt - 
‘,‘, t i s  in

t enu p e r n u tu r e  ti-st . The- following is a description of the problems and the correct ive
ac tions taken.

I ) c _ i  I i  b ug  ~~t ’ i ‘ I i  n i mini i v  te - n i I ) e ’ ra tU re (c - s t ing ,  i t  was riot c- c_ I t i la t  (hu t  - ,\ I dc- v U - c  -s we- i-i-
t - i  n l s m ( i  v u - to  no i si  - n i t  I t ig hu ~mo we-r supp ly vol tmugc ’ and low te - n ip c-r’ n utu m e- ( — 7  (‘ arid I me low)
c o n c h ( i o m us . I - ui n - t he -n ’  n u n u n i l v s i  s n u n  tc ’st i  ng i ndi c - n itc _ -eI  thm t t  th c- h - i t ’o hI c ’r u ce-ic ! I c_ I L i e- c _ l i  ni ini a tc ’(l
by nu t li’ h i rig sc - in - i i - c’ n u ~-ia (-i t r u n - i c - c -  to ( he -  ci r ’cui i t  nc _)( l c ’ sens e - c-pt i l - i f  e ’ to mi e i s c _ - . I ’his m c ( f L u i  n - ed
ni j r - i c - i t -  l’ u ‘ c _ l u - s ig n l  iii the ’  A U d c - v i e - i -. le st i - c-sui ts  n-i th n i  n d c v i  cc-s inc _ l i  c _ r u t  c-H t i u n m t  the-
~r ii ihu l i - f l u  was (‘c-i i ’ t ’ i ’ (  I i  d by ( hue ’  rc ’de -sign i.  I lowe- y e-i ’ , nu n e w  pt ’emb l e m  was o l m s c ’  n ’v e ’c_ h w i t h
( hue -  i - i - dc-s i  g m - it- i l  c _ l i - v  ic -c ’s , which affected DIM ) outp Ut und ’ t low c t ick voltage’ and low
t u  ‘ mp i -  m r u ( u i  m u - con (h i t i c - in S .  ,\nu n u n n i l v - s i s  c- if wafe r’ proce ssing da tmu  showed ti iat th e ’ affec ted
;) : u r t  s c_ -anu i - f t ’  m u n i l t m w ( h i - c  -shold ( \ (;5’J’ - - 1 . 9) It - it . ‘I ’ e euv e  n ’conu c - ( h e -  l)r’ Obl(’fli, high
ti -i i- i -sh iold C e c _  ;s’j ’ 2 . -l v-~ t I e - v i c e-s n - c - n - c-  f m i h r ’ i e - a t e - d  t h r u t  v i  c - Ide - e l  a cc _- c ’p ( ahle ’  l- iarts afte-r
l ow t i - m p c ’ r - a tu i  n - c-  sc r’ t - i ’n ing ,

-‘c th e - si gni l Ie  rat i t - i n - i  of I lie ’ 111—i ( l i c-gi ste-I’ Ste-i n-age’) ehe ’v ’ ic’ e - vv ’m m s r e qu i  rc ’(h hc ’causc ’
o f i t s  nra  r ’gi nm u I opt ’ rat Urn at higiu ‘c ~

. ‘I’hc prob lemu’i was cause-el by nu oi se’ w i t h i n
I IH ’ u l i s t - u i rig st t ’uctu I’e to I iu e ’ i nt cm nm rl  n ’c ’ :r c_ l vv r i te ’  n lu c ’n iu orv. C ross c l amping  (ccli —

u u i i 1 i i c ’s in - i ( i i i ’  i l t - ( ’ o c _ h c ’  sig nm t l s  we’ re inu c- orpor ate -el to cor’rc ’rt t i-ic ’ probl em. In n - c-dc-sign—
i ng f lit- d c v i  c _ - t - , a s  h em ri ~~u \ DI) was i n adv -v ml ent lv p lac c ’dI on ( he ci i- c _ - c _nit  n - v i’e l a t ec h t t i
t u ne c _ i f t h e  oUt put ~ , n ’ i ’ c _ 1 UI n-i ng nu se’c’oni r I it ( ‘rat ion to n iakc ’ (iii ’ c_ Icy-ic_ -v 100 pe rcent
ope- rat  i onm i 1. ‘I hi t - i ’  f fo r t  was ro nt u p lc t e c _ l  su c ’c-t -s s l ’u l iv  i mu n’c-c_ ’o rc _ h sc ’hc ’elu lc mmnt h  ( h it- new
115 c l i  - v - i c _ - c - s  l in t  v-v hc -e ’n inc _ - em r ’por’at vcl  on ( ‘l t t t to t lu lc _ ’s
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X - TEST CONDITIONS
I- ’ igu i-c- 54. ‘I c -st Conditions 1~-i r Vo ltage I ’ xtc_ ’emcs

Anot he r probl enui relm i tec _ h to ~v I ( )S. 1 ,51 clc ’vi ce s vva s unc_ ’ov -er c ’el vvhi Ic test ing the
- at low- tenuip er ature ( —5-I  C) .  It was ith- nt i fieel as a pot -nt Int l m m mcc c -on (h it ion

bctvv -e-n LADM t I c-v - i t -c-  float 13 (-ont rol and th e A 13 c_ Icy- i cc ’ outpun t s t ee (hi ng (he LA I )M 13
input Ix n’t - ‘l ’he problem c-oul (l he corrected h e ith er’  ( 1 )  LADM c_ Ic y- ice n-d esign ,
or 12 the  ad d i t ion of b ipolar logit ’ gate’s betw een the  A 13 and I ,AI)M d e v i c e s .  ‘I’ he
lm m tt e’ r approac h vv as se Iceteel clue to cost and sc ’h ec_ lule (-onst ra I nt s . ‘I ’he ac _ h hit iona I
logic- vy nt - s fI n- st b reaelhoa r d ech and t~ steel over l u l l  ten ipe rm m t u me range m ind lat er’  was
pe m in i nie -nI lv i nc’o rporat eti into all  C Pt  ‘s -

A failur e- cau se-il by mm \l( )S c_ l e v ic _ -e’ was observed in ion’ t enuper ature
(( ‘sti ng. ‘l ’i u c - fa i lure  vv’a s (raced to one of the nuicroprogranl nuc_-mory (Ic_-v-ic-es , H( )M
91 . ‘i ’ iu c- r- e-n i aining HUM 91 ~s in inven to r y  we ’re teste d off— l inc-  and nuo st elcv - icc- s
were ’  found to be rtuar g inal  at I i u w  t empe ra tu re. Other R(ThI cIt-vices (1~~)M 913 through
li i  7~ wi - r e  also t i - s t e - i l  at lovv - U- nuupe raturc - to determine whether  the lid lure was clue to
th t -  c_ k-sign oi- processing problenus. All  other RUM s were pe r fo rming  n -c-li wi thin - i
s p e c i f ications. l-’urt ix’ r analysis  conf i  rn nec _ h that  t iuc- p r oblenut was process c _ - i n c-nt c ’c_ I
r i n d  I i  m I t e - c _ h  to iI ( M 91 M s onl y. .-\ new HUM 91s wafe r’ lot vvt u s f mib n i c m t t ec _ l  wh ich  vi u ’ l e le ih
n u n  n i ck ’ c 1 umn i  te ’ nu u n u - ibc- r of ihc ’vi  c -c-s  y v i t iu  sat isfa ctor y pe ’ rf o mmnu nc e - ov’e r (lx’ furl I tc-n’ipc’ rmitu re
mn inge .
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2. 1 . —’ Ii it I m  ‘— un _ ~u u l i i  ~- c - 1 c i j i  I t i c  ‘ h i  ‘— I

‘I luc ’ I - P\1 Ini ~u u n I  t )ut ~- i eu1 I n t l  t l t  ) t )  c _ ’ e u t u t n i i n ’— t h u i m s u -  I U t t c ’ l i c _ ) t ’iS i t ’ t f C t i  i’ c - t h  f e u m ’  t h t c -  I N t ’
1 c m  n - l t c _ ’t u ’ U - n i l l y ’  i n u t t ’ n ’ I : u e - c ’  vy i l h u  t i t h e - i ’  r-~y s t i - u t u s  vv i t l u i n u  t h e- t mv’ e - r n i l l  : i v i t r n i c ’  s v s t e - n - i . 1 hue-
h i i t e c t l s i S t ~-’ ccl  l v y u m  u u u i m u I e u I i - ~~, t h e  ( ‘ im t’ t c ,’ e ’ t ’ l c ’ u ’  \ l u i e h m t l c -  m m r u t l  ( l i e -  I ) n t t r u  ‘l ’ c - r n t i i n n t l  ( n i l .  I- n te’ i i

c c l ’ t h c ’ u -  n u i m i l l i l i ’ s  is u l i s e ’ i i s s c - i I  m u  t h e -  t u m l l i u \ \  in g  ~u : u r ’ a g r m m ~i h is .

2 . 1 , ~~. I (‘ onl v i ’ n ’ I u - n ’

F l i t ’  ( o n u v u ’ t ’ t e - n ’  \ l u u i l c _ i l i -  n_ c -c - c -  i v i s  pr i— n u h l c ’ ~ i h i g i t ; u l  c f n i t n i  f r u i m  t h ie ’  I t o c c ~s s im r  \ l ( ’n ’iomy ’
\ l o e h c i l e ’ . T h i s  e h i g i t n u l  l i t n u  i .~ u s c _ - c l  ( i i  c _ - e m n v e - t ’ ~ m m 1( 0 ) I I ,  i n upu _ m t t ’c ’ f i - t ’ e ’ mi c e- s i g n u r u l  i n to  fly - c-
sy n c - l i m o  c _ n m t p u i l  c _ - h n u n n e - I  ‘i n i n t h  tv y c _ - i J)( - e - l u r u n t u i ’ l s .  I n  n u t h c h i t i u r n , t h i s  t h i g i t n i l  d n u t n i  i s  c _ i - s i ’c l  t t m
c _ - u c n t r t i l  four t’ i h i - s e -  n’ c- t c _ -  c - i u i t p u t  s Iii n’ n’ t m t n i  t ion -, ‘ u m ul (  n - u - i l , e - I e - c _ - t i f  isv n t - t c ’  i nupu t r -  or e ’n e ’ui di ’r’
inu pu t - s . me nd 1) 1- c i v i u f t -  e - im n i l  mcmi fe - i t ’  i - i t - ic ’  s p r i n t - c _ h i s c ’ me -t e o u t p u t .  ‘l ’ Iu i s  m i - i c _ h o l e ’  n i l  Sii r e ’ c c ’ i y c ’ s
s i x  c h i s c _ - r c ’tc -  i n p u t s  m uch l - i r ’ i m v i i l e - - s  i u p t i c _ ’ n t l  i s t m l n u t i e n u  for ’ four’  of (hue- s i x  d i s c n ’ e-t es . h - l y e -
o u t p u t  c l i  ~e ’ ri tes , one ’ inte ’  n r u i j ) t  , m u n i l  n u 2~- \ PS fri il U r ’  ( l is t ’  re ’tc _ ’ nu t - c -  n i l - s i  u prc _ - i v  i ( h e - ( I .  131 ‘I’ I- .
fe - c I m u c k  i - s  I i r ’ u u y  i c _ l i - i l  f r ’ im m ui  - u -v - i- l u svrt -l u r’im outputs , tn t - i I )(‘ ou tpu t s  mu r u t h ( It  n- c-c ’ c - if t lu e
i i i  -‘e- i c - l u  - i f l pemt  S

l h m i  ‘— m u u i m i l u n l t -  ha -z sp ruc e-  niva i l m e l m i c -  m u nch  vy - I 1-ing p r ’ov i ch i ’e I  ( nc - i  ac -I f tc-  compon e nts ,
l i t i v v  i - v - c - u - I  f tm n’ f o u n t ’  n c c h c l i t  i c m n a l  de p e n d e n t  sV nue ’h ll - o ou tpu t  c_ -h a n r n - I s  mu nc _ h (n o  indepe nde nt
sync - hu n - cm oci lpu l  c - l i mi t - i t - i c - ]  s . i u’e iv i - s u m s  Io n ’ n i synch r -o input c- hi anne ’I , c c _ - i n c _ l i t  ion in ig ,  ninth
t u u l  put  I m n i v u  m l  cm I me -c - f l  p i’e - iv i c _ lc _ ’ c I  . Spat- c- mind vv -i r ing  Iua v c_ ’ a lso bc-en p r - o v i t h e  -c _ I f e - i n -  opl ical
i s i m l a t i e i n l i e - t w i t -n  f t i t t  r c_ Us c ’ i- c - I t ’  inp u ts  and o u t h ) u ( m ~

I hc ’ (‘ t m n v t - r t c -  r ’ \1 c _ ic _ k n I t ’  hun t s l) i ’0\ ’isiOfls fo r -  13 1 ‘I ’i ’ an (h Sc- I f ’ i c-st  s . Se- i t  (c- -s t - s  m e i~i ’
( l u t i s t  - lu s t s  ( l i m i t  mu i’ c- I ) e ’ m t O l ’ m i l e d  ehuti’i i ig the- in i t i a l i z a t  ion phase ’ m uf  ( hue -  n i l  i gru moth - vv’h il e-

I I ’  h - i n- e - i i i u l in u uou s n h v n m i  niic (c-st  pc-u’ for ii i c -d c _ l u r i n g  all nu u e - iehc- i ~. ‘I l le - n inmi l og  u n t t l ) ur t s
m e n - c ’ s u n u u m u u c ’ c l  n u t u i l  f e - i l  h a c k  r es  R ol l  l3I T 1- ’ , Pit - lu h 31 ’ l i- , I I d g 131 1 1- , 1)(’ No . 1 F ’ 1 3 , anti
I (‘ Xi i , 2 I- ’ II  I c _ u i ’  e - o m p u t c - r ’  m o n i t c _ m  r ing  of o u tp u t s .  I ’ lu c - e l i - s e -  me te ’  o u t p u t s  I~HG , l) ISC
1”I ~, I I I  ,o I )I5 ( ’ I- ’ h ~, m u d  2 1; \‘ 1) IS(’ 1” 13 n u t - c- fe- H back for ’  c o r t - i p u t c _ ’m  n i u o n i t o  r ing.

‘ I n i l d  c- S I i  n in th  17 sun uu i i i m u t ’ i  ‘ic ’ th u u - analog output  r e - t ~uri r e - i l - i c - n t - s  fo r ’  c _ - i i t u u t u l u n i c n m t  ion
h u u - t \ y  u - c - n  t h e ’  u h i g i t n m l  t - h u n n n u u e - I  mur i e l  t i t -  synchr’o s in t h u e -  nu i i ’ c - i ’af t  avionics ,  f l u e-  i n i t i a l
nu t  -e - I i : i n i i n i l  i c n  c m l  l i i i -  t I  ig i t n u l  ~sv r u c I i  no c- it ’cu i t  r’c-q ui re-t i  sc-pa r ’m i te h u c _ - i ld ing  re ’gi ste ’m s mind

l i — m i - i t - —  sh u t  - IF  c l i  i I n t l — t i  u — sync- l imo eonve ’  n - Ic- i ’ s . li-i mi ni e - f ’fe u - I I c _ u red uce space , requi red
iion i - i ’ , nm nd  t i n— I , m i n t  n m l l c - i ’ n n i f c -  - sc - h - ic - i t - ic ’  v v r u s  c - o n si d l c_ ’m ( - d vv h i i e h  u is e ’cl s i n  0 nt n e l  c_ ’ i ) S 0
c l i g i t n i l  c _ I n i t : t  f r ’ m n,r  ( l i t ’  t o m p u t t r to c _ l m u v e -  i n t u I t  W Iv ing  I ) ig i t n u l  —t o— t\  nm ilo g co n uvc ’r - tc’ rs
i i  )A ( ~‘s ) .  I h u i  s c o n f i g u u  i - nit  i c _ m n  c n s n - c _ I  si-pa n - a te-  e l i  s t - i - c - t i ’  c _ Ic _ -v ie - c-s t o m ( hu e-  n’ e ’g i st c ’r’s , sw it t - I - ic _ -s
l n m c _ h n h t - m  U i v y  c _ ) m k , r ico h i u U l f ) I t t  r i m h - i l i f i c -  i - S .

A lii i i - i l c_ -o nf i gu t t ’ :itic _ in wn i s  mu I s u u  e ’ v mulm ,t n m t c ’ c _ h .  ‘I b is  tu - i c, -c l ln l n i  sn uu i iuc omp c_ - i i ’at  c- - s most
u u t  l i i i  - u - p a  u n i t  - c -i  mmpn i n n - r u t s  of I hue ’  l~ i’c V i O U S  s e - h u t - n i t ’  i nt e-i a sing le- I )AC d c_ ’vie - c_ - l ’iii s

t I c u  - r i t e -  u - i ~ U I i’ m - s  lu- sm ~ s lmnue ’ i - m in d i s  m m Ic ’s 5 comple x mind lon e- i’ cost c _ l i - s ign. lItre-c l) A (’
t h u  -~ ‘ j t -  s h immv in g m e se-I l— -ontm ri n c-i h input hold ing i’c-gistc -r we ’re- c - v n u l u a t c c h . I ) ‘I l - ic
R i m e - I vy u - i l  I ) , \ ( ’ , I > N ; 3 t ) i ) ~~, is a ‘105 c _ I t - v i c e ’  cI c-vc-l opc ’d for umse -  m s  m i t - i  ~-~ 1)C . Se-v - c _ - i - nil
of t hi - st  - c _ he ’ vic ’ t -s n- n - i’ n ’  I c - s i t - c _ h  in a h r e ’a c_ lbo ar sh c-i i-cult and passe -cl the  iii in i n u u u n - i  m ic e -u mmmcv
r. -t ~t t  i t ’  - in c-ni t s . I lowu ‘v t -u S , (hi s dc-vice’ u’e-clui Ft’s an externa l Iadclc- r n e - twc _ - i i ’ k  a nil a c _ h i l l —
ti onnil ci i’cuitt-y l i i i ’  lc ’v e - l  s lu i t ’ t i ng  m ind synciu r on iz ing  to th (- MUS 4—phase ’ clock. (2 )  The-
h 3 u  -c’k r it m i n I A (‘ , I’ N 77—u; 9, has m m n inte-rna 1 ladcle- F ne’two r’k mind output a mpl i fi c ’ r. ‘F l c ’
samp ld ’  t i - - s i t - c l  pa s s t - c _ l  t he ml  n inu  urn ni t - c - n i  mn u -y  i- c ’quiu ’ cnre ’nts .  h owe-vt - u ’ , t i t i s  th e ’~’ ic_ c- is
t u n ly - n u v  n u i lahi . ’  in mi In c  rgc ’ (0 . 99 x I . -3 9 in. ) d u a l — i n — l i n e -  package. (3) The Analog
I)t v i c _ ’ i -  I )~-\ (‘ , I’ N .\ 1)7522 , has  an in ( c ’ m mml l adc lc-  t but r’c-qdr i re-s nun  ou tpu t  a tiup i I l ie- i -
c _ - i n ’ c _ - i n i t .  ‘ I l i i ’  s:u ru u I u - s  t i - s i t - i l  i sm 55c c _ I t l t i -  ml n i m c _ n m  m i c e - u t  i - r u e - v  i’c’qu I u’ e -nu c-nt s.
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I h i m -  ,~ m l n i l c u m L  f l u - v i e - i - n— I L \ ( ’ vy m u s  s i ’ h i - e - f i - c _ l  i s  l i t - - s i  cmi f l i t ’  11 m m - i - c -  h ) , \ ( ’ ’ s l i i i ’  use- in
t h u  h m i m ~u t : i i  S~- t ic’ hu t ’ tu  ( ‘ u m t t v i ’ t i i - t  t h u - s i m ~~i ,  I hu h-n u t - e l  s i t m n u  n m u m - m  l m n i r ~c - e l up ur l ( h u t -  c _ I t - v - i c - i ’  c _ - u i - s t
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: t s . —,u u t -  m u r e - I m u t l y  c l v  em cO st  m i n t  e - I c ’ - t n i t ’ n u l  e u m v ’ i  r’ i u u u n u m c ’ n t  , The- n - , e -e- iiuui l muc _,.-ti y-itv j n u y t u l y t , i i
c j e- (i uu j l j c i u i , e l e - v e - I e i l u n m o - u l t  r o t c _ h  h c - e - m e i l b i m n i m c l  t u - n - -t  i mi  [hi ,- Su ib svs t eu u i  t n t e - r l n c i - c -  [ nit  (5511 ) ,
n i i u e l  i i u t e - g  i’ n u t i i m n i  w i t h  [hue ‘I - 13. i - I ,  m u u u u l  1) 1  - ii rc_ -ui tm~’ - ‘l ’he t h i r e l  a c t iv i ty  i u r y c d v ’ e ’ m I  u l c - s i gn i
mu n i l  c k - v  e - I - l o i n - i t t  - ml  t h e -  m i iu  I t i — i  n y  c - i — c - e l  I )i’[ ruu i , i  f u r ic -

‘ I ’ l ic _  i m u ’ g n u t i i t n i ( i i  ii i  i - I  [hi-  I ) ’I’t is iilus t r’ m i t e’ti in l- igur - - 57. The- i l l u s t r a t i o n
s hu nmvv s mu I n u n g  — i u i i  c_ - u ni f i gu m m u t i c m m u .  ‘ l ’he ’  I 11 mu e’ cc ’ l u t s  u n ’  im u t p u t s  I ‘ 1 h z  h j — i u i u n u — - i - M n i n —
clue- — i c - u’ c c c l  ( k u  l - i u s  c-much  i n c h  r u e - c ’ C- h i t n ’ n i i i ’  u ) i J t f m u t s  N h 3 / _  c l m m t n u  ciii t h e -  , i l i u c _ ’ i ’ . ‘i ’hie i - I ,
r u s s i n u u i l m u i i - ’ -- I i -  - c - c c n i u n u u m m u i c h  c c i ’  - i n u t n i  y t i m i u l  n u u - i m h  u i u n t h m u l  s it  n u l i m n - i g  v v ’ i t lu  t h i c ~ n m h m ! u r c _ i h u r ’ i n i t ( ’
t i t u i i m u g  _ i 2 n l r e l s  t i c  t i m e ’  ‘I ’ , R i h ui u l u u m 4  ( l ie ’  t u ’ n u r u s n u i t  m u m i u c h e - . Sin ce- u m n l v  t ine ’  e i i n u i i n e i  is mict ive -
nut a ( j u n e - . c _ mr - i c ’  n- n c - I  ‘ m l ’ I - I. logic’ i- ~ s h n u  r i - m I  h c ’t vy c _ ’ e ’ i u t h e e -  ty v t  c - i m n u n m u c - l  s. I- n u t - l i  c ’ h u m u i i n c _ - l

F n r C . — ii- um v y tu I t - hicnu te - c I 1 )1 , i c i g i i _ - ‘- c t  t t i  m l c ’c’ e iclc _ ’ iti dm’ tm iui ing ul n u tn i , ,- \ l t hi t m u gh u c-in1~ cmiii- cu min—

u u e ’l i ’— n u c - t i v c -  n u t  mm g i v e n  t i u m m i . ( l i e ’  c i t i u u n ’ c - l i m i t - t r u e - I  mu - i n s t  u u u t u m i i t i - i t ’  i t —  h e r s  r i r i i l  cm m u c - t I m e
I m l  I ’ t o u’ i s j m c _ c u u m l  t i c  n u uu v v m u ch  ct i u n i t n i n & I n - i  it , dete-ets , m u h - i i ) r t i n u g  v y f m r u i c - v m - m ’  n i ( ’ t i v i ( \  v v m m s
c -u n t - u - e - u u t l y ’  j u t  - n ’u i m.n rc ’ss dun t Ime’  ~m u c t j v c , u c_ .- l u n u n t i e ’ l  —

- l lue ’  Sm- c l I ’ c _ - u  m m i ( m m i r i s [h - ic-  r eel u t u c m u r u c _ ’ \ ’  i - i i n m n i n i g i  - r i l e - m i t  I i  u g i c _ ’  - s t r i t u— ~ i- e ’ gi ‘ - n i t - u ’ , i l l  t ’ e c _ t
nu e ’ u m i e e i ’ y  m m ( ’ t u - - s  I ) ~cL-\ i r u i t i n u t i o n i  h ig h - , h t c _ h i r m - c _ - t  ( ‘ I ’ !  n u i l c _ h r ’ i - -’ -’n l i n d e ’  i n c h  ( h u e -  e i c n t t’ , i l
n i n t h  t j t m i m m n ~ I c g i -  re-e ~u ii u ’ c ’ m h  to n m n u k e ’  t he  t u v c _ - i ’ m t h  I ~v -- n h nm c _ - u i l u e - r e ’ m ’ u t _

kit-h temn ct i un i t ih l u b e -k t h e - f i n e - c _ i  ic _ i  t l u c _ -  1 ) 1 1  e u r ’ g m m u n / n u t i o f l  c i i n u n , n ’ n n m i u  t i  u g i t r e -  27 i s
n u n  - n t - m v  m i n d  is c _ l i - s c _ - m u - s - s c - r h  in I t o -  t o l i i u v v i n g  p n c t ’ r i g r r i~ihs .

1, 1 . — , I .  I ‘l ’ m - m u n s f e m rme’m. i ’ h u c  t m ’ n u n s f i m u ’ u u u e ’ r I u r t i v i iu -’ t he ’ t i - i t - n i t - i s  l i i  c’uitt ple’ P i c ’

t u f t  - 
i c c  I l i e  - i h m i t : u  I u n . T Ime -  h i — 1 m h n i s e -  M m rnch uc ’s tc - i- i u u u ( j m u t  n u n u l m h i t u c l e  vv mi s  c l c ’ — n i g u u e ’  I to

lii- —
- —\ m i m c -r i k— t u— l uc ’n u k _ nliui’TIi n uI u y v - j t h u  mu y v u u i ’ I ( ‘m use ’  of 7. 3\ ’  ( i i c - n u k — t t i —-- l i c ’ mi k i  in t c - i  m i

c ; e c  n - t v’ i i  - r - m i n m u t c ’ t l  d m u t n u  hit s, ‘l ire input  im 1 ed :mnce- i ur ’ c ’ su ’m i t e ’d  to the ’  ho —~ y v mi  s e l e ’ s i g n e - i I
t c ~ h i -  I 1\1’ u c m i u m ~ o v e r  t h e- I r c c i u i cu iu v m n uulg e cmi 100 k h i i ,  to 1 , U M h I i . . 1- u t -u i ’  2” is n i
l m l u m t  c c l  t h u - n-- i p n i  r ’ n u t u i c - t c ’ i - s  us  u r m t ’ m u s e u u ’ c nul  c _ mn the m u s n - c - r u ihk ’c l . i’u u u c _ ’ t i o i t m u l  lil t mi me a lu l e ’ .

2. I - n- - 2 ,  2 1 u’ n u u u r  i i m i t t c -  n’ I le - -eivc ’r  - ‘f lit - ‘I ’ 13 t i u m a - t i e i n i n t  1 t u i ’ g m u i t i z n u t i uu i i n-n , she ,y v uu
in i~ i giu i ’ i ’ 29. 1 I ue ’  t i - c _ u ’  i v i - i -  c hanne l e - i u u u s i s t s  ccl  m m s i n -~ puk- l i e - s n - c l m e - l i v e -  t’i l t e r

-- :~i c _ ’ i  euu p h i ’ —  i n t o  mi c _ k n n u l  (-t t u m p n i  m: i t iu r . the ’ c_ u tput s of yy ’huIc I i  mm m e e curu ~i :ut ib 1e ’ n i t l u
1 — 1 ,  h u i g i e , ‘I lu e ’  output u i f  the r n c c i v e ’  i’ is  h e i g k - n u l  n u m u i i c l i e ’ s t e ’  i’ ( I t ’ . - ( I to 2 V IX ’  I t l m i t a .
1 e n ’  i

_
i- c-u- iv - i ’  is e l i ’n - - n i gn e t l  n u t  to s n u t u t ’ t m t u -  etu il i -ig c o mut inun i u s  opt- t’ m t t i o t u  ( i _ c ’ .. m l ui

r - u - .-- 1 z ’ h ’ i n c , i i  d i i i  ul utv c v  d li’). ‘I’h - e’un iipmi rnit e r thi’e-sh diiuh-i ni l - i- se - I  n i t - 0_ 6\ ’  i ou t ,

I l c i n u -  is mu c l i  c c lh miu oh nut ’  0 O R  m m m i  the i u i t p u t  Is in c le ’ t e i ’mt ui mmn mt e ’  ni t  c ( ) , to -C t - h  mi r e d
- - 0 , -I  I c c  — 0 , 6 V -

lOt - I

- 5___ _
~~~~~

__  - —---‘-- - -— - - -- - — — - - ~- - -
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5,0

~~~~~~~~~ 
4.7K

4 ,6 —

4,2 —

3_ s —

3~7K

34- 3.3K

3,0 — 3,0$(

2,7K
2,6 —

2,4K
2,2 —

2K

I I I I I I I
0 0. 1 0,2 0,3 0,4 0.5 0,6 0,7 08 0,9 1,0 1, 1

FREQUENCY (MHz)

I- ’ igu.i n m ’  5” . I)’l’tn Input  Z vs  I” re-quene ’y

i ’I i c-  t m - - u  u ’ n— m m i t  t i - u ’  v y m i  s c l i  si gri t -c _ h ( c _ men u in  m u n c _ m n — s n e h u u  i ’ n u t e - d  m o u l t -  to n u ll e mv v c _ - tu m ul t - c _ il iu f
t b  - c _ i u t l u m u t  r i s e  - I i  m m m i  - r e h i  i c - l i  i s  s i - i  - i t  I 2 1)  ru n-n u r i c _ u r n  i n t e l )  - ‘I ’h i -  ( u - n enisni i f  h e - i ’  c - nun  h e-  OI )c_ -i ’nu t (’ ih
c - c c a t  mnm mmm m u --lv ‘u nu l c _ n nt pt ut s m i huc _ n it Iv y - c_ i v vrtl t s n it a iii i n i r n u t r ’u u v o l t n u g e -  of 2 1 \‘ 1 ) — h i  n u t  I to -  t i n i n ’ i s—
f u m t ’ t i i c - u ’ . I l i c -  ‘I ’11 is n u t  s e n s i t i v e  I c _ u  pc _ n y - c-n’  s c - c _ l i a - I um’ e- ,

-i h ‘I ’ 11 l i v h u i ’ i i h  c _ ’ u u n l s i s t s  i i i  h y y c m  s t l l u s t t ’ m m h e ’ s :  I I )  :\ t h i c k f i l m  s t t l m s t u ’ n u t i ’  v v - hi c’ h
c - n u m ’ r ’ u i ’ s  t I n ’  h u gh p c _ m w - u - i ’  u l u - v i c _ ’ i - s  ( e u t u l p u t  t t ’ n m n s i s t e m i ’ s )  n u n c _ h  e l i - v i c e - s  v vhu ie ’ l m  n u n - c-  r i ’d l u i r c - c _ h  tc _

‘ m e L  m m h u -nii l ) c- r ’nu t em u ’ t - , m u n c h  2 )  mm t h i n  f i l m  st rhs t  i - m u t e -  vv - I u k - h m c ’ c _ u n f n i i n s  ( h - ic -  f i l t e r ’ , r e - c e -  lv i i’
m m m l  t i ’ n u t i n - ’ t i i l l t e - t ’  t u t u  i’e u l  ‘ - I n u g i ’ s .  A t l u i - r ’ u i i m u l  m m n m i l y - s i s  e d t h e -  c h e - v i c i -  predicted mu worst

c _ -ri m - i - juunu (-) it )n t c - u nup c ’ n - mi tu re - u - is , ’ cml  1n - m m ~ u - in - i  l i i i -  t i ’ m i n s m i u i t l t ’ n -  u u c u t p i _ t I  s t n u g i - s _ \ l m - n e s e u t’ e- —
m i t - n t — m m i : u c i u -  v y h i l u ’  f l u e -  c _ h e - v i c e -  yym is u m l i c ’ m ’ : t f  i uu g  in ‘ in  nuuulhu ie - u ll e’nu~’in - mmtinu t ciu t u m f  IT m u C s h t u y v e - c _ h

IT c c i ( ’  t , i s , ~ t o  Tc i i m ( ’ ,

2 . 1 . ‘- . 2 , 2 I- n c _ - o i l i n g  Lim g i c _ ’  
~

1 ’ 1 n,) ‘l I m e -  I- n e -o i l ing  I i ug t-- p i - m l ’c _ u r n u i s t h u e ’  f um e - f ion iuf
p m n u v i n h i n g  l i m g i e ’ : u l  \ I n i t i c - h u t - s t , - r  t l n u t m u  I c _ i  t h e -  1 / 13 i c _ u n ’  c _ n m t h i e m l _  .\ Iu uic- t ium nm il h ltmc _ - k i i i n u g t ’ n i n u
i i i  t h u  I- I i s  iuo vy n in l’’igt rn ’ e - I ;  . —~~

‘‘ i’ e- ’, u u i ~~’ si g n m m l  f t - c _ t n t - i  I t o -  SSI~ a c _ h  i v n e t e - s  t I m e -  I t i gk- .
\V I u i - n i  n v n i c _ b c i - t ,n l i i c l , f l i t -  I’ I .  n ’ u - s ponc _ l s  yy ’ith in mc ’ i ~n o y v’I e ’ i lgu-  I i i  f hie SSII ’ . It  t h u e r l  n u s s i t t u i —
t n t  u ’s f l u , ’  i i u i f p i u t  v y - e u n - e l  i c _ t b  f l i t ’  c c _ u t ’ r c _ ’ c t  f o u — r t u m u t  l ,~- u i u e n l t i p h t - x i u u g f i n ’ n-d t h e -  e ’ n u m t m m u i n m n i c h  m m ’
u l n u I - c  — ‘.‘ n u u ’  : t — b u j t s — i n ’ i~- n u I i c _ I  \ l a n c h u u - s t t - u ’ ) ,  t h e - n  f m ; — h i t s  of c _ h n u ( m u  c _ l c - n ’ i v e - c _ l  Fn ’ t m n i  ( hue (‘ c _ i u im ptu l c ’ n ’
h h u i - u i i u g h i  t h i n ’  s SI l ’ , m m cl l i n m i l l y  t h u  p m i u ’ i t y  h i t  y vh i -h it c _ ’n - ea lt - s .  At  t h e ’ s t al l  i f  f l u e -  I r n u n u n-’—
u n t i l  s ( - c _ f t u t ’ f l ( - u ’, t h u  t i ’ : m t i s u u i t t t u - i ’  k’ nu ’ f i v : i f c - t l  by s i t t i n g  th e- ‘‘l ’ n ’munsmi ’iit F n m 0 m l e - ’ c I i s cu ’ e- te-
h i g h . 1 h i -  I n ’ u n s r n i t  ( ‘ lock’  is t l s i - c _ h  to  s h i f t  e h n u t n m  c_ ni t  ci i  h i - i c-  SSll ’ _ :\ l e ’ e ’ l u n i n i / n u l u t n u  of ’

( l i t -  I ’ 1, v y n u s  t l o n n ’  w i t h  Ie vv pe)yy’t ’i ’  5 c _ ’ h u u m t t l~v i h i - y ’ i c _ - u ’s  in o n ’ t l d ’r  l i i  t m t i m u i m  I Z e -  pOvv’ e ’m r u n i l  l i e -n i l  —
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ENCODING LOGIC (HYBRID )

READY a ~ ACKNOWLEDG E

R E S E T  
_______  

T I M I N G  AND 
~~ TRANSMIT ENABL E

8 MHz ~ TRANSMIT CLOC K

SYNC p

DATA (NRz) • ~ c~~c ~
__ _* MANCHESTE R DATA

PARITY TY PE -Ø

HYBRI D DESCRIPTION

1. 0.8 X 1 IN, THICK FILM SUBSTRATE (2 LAYERS )
18 IC. I RES , I CAP

2. 0.945 X 1.130 IN. CASE , 44 BUTTERFLY LEADS. 50 N IL  CENTERS

1’’igu n ’ m -  u ; e m . l’’ n e ’ c _ x h i r g  Log ic- I- ur ic - I ic _ n mul  I i l i ~~-k I ) i n i g u - m u m u i

2. I. — .2. I i)i - e’cu i l i ni g l~~gic d)hj. ‘ l ’ h u i -  p t i u ’ f u e - i s e ’  of ( Li e -  1) 1, i s  t c _ u  s n ic ’ luu ’ c ou i z c -  f l i t ’
i uie c _ m ti m m n n T M ninc _ -hmi -s f i-n’ dnu t n u v c i t h m  t h e -  l i l t ’  ( ‘ I c _ ck , n i n t h  Ic _ i  i n i t i a t e -  mu ui- c e -ft c- cycle ’ tiptin

ic  h - c ’ t i u n i  ol I t  y ’ n u t i t l  i l n i t n u  s m m r u u p l e ’ s _  ‘I ’ l ie - s n u m p lc ’  u - m i t e -  t i n  i n u c o n i t i n u g  c _ I o t a  is  “ t l h i z .  ‘l ’hu i -
I f l ,  e ’ u n t i u u t m u m e t s l v  u m m c i r u i t c m u ’ s  iu conn i uu g c h m m ( n i  l ou ’  n o n — v n e l i c _ l  \ I n u m u c _ ’ h e - s t c - u ’  d r ’ n i n s r n i s s i u u n
i -m m - m n , c i i  r u - i - c - I  l u l l  c n - n u n l  m u n ic h ~ nm r i t y .  ‘I hc -  1) 1 ,  e m t n t p u t  is  N I3Z elm i tn i  m m m c l  t h e -  n u s s c _ u e - i n i t e - e h
one’ \ l l i i  (‘ I c_ - i ck. ,-\ f u n c t i o n m u l  bloc-k d iagra m d) f t h e  D l ,  is shovv-n in l” igure  61. ~v le ~c ’h nt n—
i , ’ i t  c n n  c i t  f l i t -  1) 1 ,  vv m i s  c lone ’  Ii r ’imu’ i nu r - i I~’ v ’-it h I c_ iv y’ pc_nv- c-i ’ Se-Im oth I~v ul e-vic e’s, ~VIi c-r’ e’ titi ’iing

v y n u s  ( ‘ r i t i d ’ n m l , u ’ . g. , in  t h i n -  ~c I n u u i e - h - i i ’ s I m - r ’  s n im p h i n g ,  S c h u o t t k y d t - v i c e - s  y v t - t ’ e- U -se c _ h .

2 , 1. -‘ . 2 .  5 S u bm n- - v n — t u - n u u  I u u t e n ’ l ’mu (- ( -  I n i t  (5511 ’). ‘ I ’ h ue -  p r ’ i m l u n u n - v  I i tu i ’P c _ i s i -  tuf  t i m e -  S S I I ’
is  I i i  i n i h i m u t u -  n i n t h  c _ ’ e~ i( u - c i i e i n i t n u  t n’n i n i-c f e - n ’ s  h c - t v v i - c - n  t h e ’  \ I I ( 11( iN l ) P t ’  n i t - t e l  t I m e ’  u l n i t m t  I - i t t - s  on’
t m i  i c  -~ l i c i T m u l  t i m  mu v - n i l  m l  ( - i m m u n u m n u  mid c _ l e - t e - e ’ t i - c _ h  on t h i i -  c _ h n m t n m  loi s — s soc_ -l i , i t  u u u e t s t  r i - s - s i n - i - i  i l n t tc -
m el  t m - n i u u s f , - n  m i t r e  i n  b l u e -  f o r ’r n - i n i t  nm n d h i r m ’u in g  l e v i e d  Ic y  : \ I l ! ,  5 1 1 )  l m ’iT u 2 A n u n c _ h  l iv  h ue ’
\l h C l t i  IN (‘ i u u u u l m m u t u - m ’  I ( I  ( ‘i  u ’ c - e i i t  r ’u’. ‘ l ’ h ie ’  S S I E ’  c _ n u n  h u t -  i i k ’ i c _ l e - e h  i n t e u  t h e -  l ’cuu l o v v i ng
t u n u c _ ’ t i i i n n u l  t u l t m c ’ t  s:

I . l u n u t n u  ‘I u ’ n i m m s f u - r  (‘ m i n t  r ’ e m l  S5 f I ,~~~~~I ) l ~t ’ , h I .  l ) I ~~~~~ S5It

2. St’i tnn’ - Me)nit oi-i ng

\Iu--n snu g i - I-’ot’ t nm n t ttintg m u nch tin n ing mum- c a fume-tic -in c_ - if v v ’ l m c ’ t h i e ’ u ’  c_ ) V  nc - it ~v l I ( ’ I 3 U N
is b l u e ’  c -un it  i - c _ - i l  I c -  n , an t I  y vl tc - t h  c - n’ d h m i t m u  mu i’d- be ing ifl l u i t t c - d I  e u ’  t i u l p e i f  Ic-il-

l .  Ru - c h u i n e l a m u - y  M n u n m u g i - m e n t  -
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DECODING LOGIC (HYBRID )
8 MHz

1 1 ,,, _~~~START OF DATA
MANCHESTER ~~j  EDGE S NC (PULSE)

1 ‘~~ 
DETECTO R 

-‘ MANCHESTER 
—

~~~~~~ SYNC TYPE

I TO NRz —~~~NRz DATA
I u CLOCK CONVERT
L..J SHIFT ~~ ERROR CHECK ~~~~ NRz CLOCK

~j REGISTER I —*ERROR DETECT
I ~—JMANCHESTER 

A • PARITY

• 
DATA • TRANSM ISSION

SYNC PATTERN J • BIT COUNT
AND
VALIDITY DETECT

HYBRI D DESCRIPTION
1, 0.8 IN, X 1 IN, THICK FILM SUBSTRATE (2 LAYERS )

21 IC , 5 R ESISTORS , 1 CAPACITO R
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TOENCODER SYNC CONTROL ENCODER
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Figure ;:t . Data Te-rmina l Unit  (Front Side)
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Figu re 64. Da ta Terminal Unit (Back Side)
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2. 1 . ~) I ’  l ) e - s i g r u  1 k - c u - h ip I- ’n u h i  ‘F e-s t

h ) m r r ’ n n u g  ( i i i ’  e l c - - - i g n u  i m l u ; u . s u - , r u u : u n u ~- c_ I l l  I c - n ’ t ’nt  f ) c iwv r ’ e i f ) p l~’ c o n u f i g u i’m u t i o t i s  vt - c _ - r u -
c ’ v , m h i t n c t e - t I .  Fu ’n uc l e - c u f f s  ‘v- c- i - c- c ’ eunlu f i t c _ ’ ( t ’ m l  ~v b u j c _ - h u  i t u - I t t h t ’ h c-mist , s l y , - , v v e - i g h t , r i - l i m i l m i l i t y ’  i n c h
c ’ ttu e ’ i c _ ’ t n ’y e - i u u t - m i c _ l e - m n m t u c i n m s . I ’ ’ ige i t - i ’ m — - m 2 , u ; i ; , n u m u c h  shu uiw m i m i u l c -  o f ’  t h e -  e ’ e mn u l ’ igu u ’ n u t i c _ u u m s
c ’\ , c I c i n u  t u  - 1 . I ’h c ’ c i m n n t i  mgi  i’ n m l  u c c t u  id  V i g u  u’ e - m ; ; c  is th e- uume ’c _ -h im m u u i i n ctic _ i n thmut wnus c_ - h e i st- n I c _ mr the-
I P’\ l m— y ’ sl , - u i r .

l ’ lue ’  i-~ l > c 1  l ’ , m v v i - t ’  Sempp l v t ’ n i j t  l~5 I )  i s  u h c - s i g u u i ’ c h  t i m ( m i - i c - i - m u t e -  f r e m ium 2-: , 1W) l i z ,
1 1 2  v c d t m u i u ’ m ’n’ m u I t  p n u w u ’ r - , n c — c  s p e - c _ - i f i c - c h  in  ~ l I l , —5 ’J ’ I ) — 7 ( )  L \ , c _ - c h e n j I ) n u m i ’ n t  c - n m t e ’ g c m i ’ y ’  H , or

2~~\ ’ l e n m t t t ’ r y  p e m v v i ’ r ’ . , \ u r e - n ’ m u ft  2~ \ ‘ l X ’ i— u m i s c _ u  u t i l i z e - c _ h  f o r  l u m i t t c _ ’ t ’ y ’  c - h u m i r g i n g _  ‘l’h - :t ~:- ,
10( 1 I h i  pem y c  ci’ i u u p m n t  (c_ u ( h i -  p eu y ’~er setpp lv  i s  t i l t  v v n u  t t s  ruo nui i ni mi I n u m i e l  :1:11; v v n u t t s  p c - m u k ,  The-
l~~~l - n i l  si - i e - i i n u h m i  m i s  h i ne t t e ’ t ’v  e - h m u  meg ’ m u r i e l  t i - st c - nmp nm hi l it s’ v v i t l m  m u u t c m u u u n m t i c ’  h u m e t t e ’  u’v p c_ iw t ’  u

h r m e ’ k c u i i  nu t  ( l i e ’  c ’ \ i ’ f l t  i d  mu p u u v v e ’ l ’  l ’n u i l c u r ’ t - , A l l  l u o v v t - n ’  supply  o u t p u t s  mu mc _ p r e u t e ’ -te ’d n i g n u i t ~~t
mc c m m! mtinu t ut mus slu m -i c-ir e - cul t t i n t  n m n u v  i’e ’ e l l u i u ’ e ’ ( I e i e t t pu t .  l’n u l ) l c ’  2 - I g i v u - s  m m e unu i n lmm u’y of m i l l
t I m e -  ~~m v v e - i -  i m e i t l i l i t s . ~‘Fl u e n c _ u n u u i t m m u l  ~~u v y e ’ r ’  l i - s t e - c l  in  ‘ i m u h l c ’  2 - h i s  s l i g h t l c -  hui g h c - n  t i m n m n u  t ime-
; m e ’ I u m m l  t i m e - n m  s u r m - c _ l  h u u i \ v e ’ r  on t hi e s y ’ s t m ’ m i m  v v’l i ie - h m v\- n i s  31( 1 y v - m u t t . ‘I ’h i s  V-c ( l t u e ’  to the  fni c ’ t  t ha t
‘ F n i h h c -  2 1 w m u s  c l i ’  i ’ i v  c - c l  f t — t u r n  c _ - m u l c ’ u l n u t i c u u u s ,

.\ wo n- n - I c ’ mm s i -  n t n m u l v s i s  v e n m s  p c - r fo r ’u ’i n e - m h  on m u l l  of time- PS I ’  c i r c u i t s . ‘J ’he m m n m i l v s i n -
u i - ’ , I - : m h c - c l  ( l i m i t  mm ( c m t m u l  of It ) e- c-ini pouue-n t s \v(-fl’ ei vc- u ’ s( u’u - , sc ’ih . ‘I’h e- i-k-sign v~c ’m u s  n iod i l ’ ic ’ c _ J
t i m c -t i  mi ’e - e ’ t  t h in - u m c m l i  h i t  i t - i n , ,\ s t ihse- i 1 etc _ n t  mm nnu I s i s  vvi th ’i th e -  r uc ’y v ’ ce n i p e m n i e n m t s  i n u u h i c _ ’ n u  t e d
t m m m l  n u l l  of ( lie- c _ ’ c _ m u u m l ) o n u c - u u t - s  m u n i ’  t ic _ iv y w i t h u i t i  e lcm’ nu t i n ’ t g m e- q e mi  m c -n i ’ i cn t s .

A t f u e - n ’ n u m m f  n c n u m u f v s i s  c y r u s  n i l - s c m  I ) c ’ u ’ l u m n - n u ’ u c - e f  c m i  the ’ c - c m t u u l i t u n u c - i u h s  y v i t h i n u  ( l i e -  ( ) 5(  ‘
, ( ‘his

u n r u l y ’  ~- i s  me -v - i-nil -m l t lu mm t (lie’ te’ umi pc l’nu to n c -  of n u l l  c c _ u u m m p c _ u r i e - n t  s vv - mr s low c ’noug lu to p roj c-ct
m i n i  \l l ’ l h i - ’ c _ if 2 2 ” T  I bu t’ ~v ’hui  c_- li i n - c in c-xe-c - - s - s  c _ i f  t l uc -  n t h l e n - n u t i o u i  fu r ’ (h e ’  PSI

F l ue -  h~Si ’  i s  p n u c ’ k n i g c - e I  u n  f e m u r ’  l u m i n i t e - e l  c-i r e - e m i t  l u — mu n’~h s ;  tim m r u u e - l v , h t c m m i r c l  _- \ s s c ’ i i u l m l v
N i , I , h t , u n m u ’ c h  ,\ sse-u -nhl v Nc _ u . 2 , h t t u n m r ei  , \ s s ( ’r ’uul ) l y  N c _ .  1 , m u n u c h  t I n -  l h i g h u \ ‘o l t m u g c -  S v v i t c - h ,
,\ lI  c l i  n—c’ t’ ’ ’ t i ’  c - i i n u u p c _ u n u c - n u t s  r u m  h y b u n ’ i c _ h n - a  mu u’e cin- tc _ ’ c _ h  m i  t he ’  PS t ’ .

Tw o  s , - t  c c l  I ’S t  ‘ t i u e i e h c t h e ’ s , i u m c _ ’ I t u u h i t - m g m i n e- i i m m r c ’  sc-h , wc n’ c- l n m h r i c ’ n i t c ’ m h , n m s s c - n u u i u l e ’ e I ,
mu r i el 1 , -st ,- I, ,\ p bmuct o gm mu p h mit  tl~~-si- numcu h mrlc ’ s i s  sh ove -u i  in  l- ’ig u_ n r e- h ’~.

‘I ’bui - t ’e m nu - t i c _ i r ’m ni  I te s ts  pc r f c - i r u u u t - c _ I  t i n t  I m i - s m -  niu ecc _ Iiule ’s me me ’ Ii sIt_ o h in  \ p i u c ’ n u m h i x  ‘ 
. l ’ fuc -

I ’St  m u - t i - I  uur i- n - , mi-i- - li - el t h m e cIt-tri l l e l c - n - c i g n n  s h - i c - c i l ’ i c - n u t i e i t l  m c - c _ l e u i r e ’ n u i e - n t s _
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N c m i ~i rmal  \ c i h l ~m~~u !Vl i ’ l
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Figu re 68. EPM Power Supply Unit

123

________ _________ ,l.—’--’ - ~ ~~~~‘~~~~
“ ‘  —_-, ‘—.‘- _



zp

~ ‘o~ A~~
--
~~~ ~~~~~

-~~~--- , 

- 

_ _ _ _ _ _ _ _  

r 

-
41•

I. 
~~~Ew;Z4P~

1- 
~~~~~~:

_  

- ‘

-

~~~~~~~~~~~

—

~~~~~~~~r 

-

—I. 

- ~—~~~~~~
---I---- :; ~~~~~~~~~~~

s ~~~~~~~~ 
1Lc-

- 

‘ 

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

T~ -~~~ ~~- —kP 
‘,- ‘

-

- -



— ~~~n:: r’ ’ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

— — — , —— ‘— - —~~ 

—-
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, \l I —m I ; - 
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l I e  p m I n ’ p i ~ — i - s  cml I l u i s  t a sk  ce - i n e  tc c_ l i - s ign  n u n s l i  lv t I n e -  N 5 7 , \  ( ‘1 ) 1 to i n t c _ ’ r f ’mue - c’ ee’i t h i
t h i -  h~ I ’M and t n c l e u - u c a t ’ -  p u’ i m ( ’ di  n m ’  spa n -u- s mis run’ c_-i’ss arv ,

‘I’ bi u ’ ( ‘N I ’ i s  commup os u ’d e) f mm N ’2 7 ,\ ( ‘1 ) 1 m i n d m m ( ‘1 ) 1 M i - i u u o r  Adapt e r- l- ’i gcu m - e -  m ; 9~_
I ’ l c ’ -  ( ‘ 1 ) 1  

- i u n i t i m u t i - s  p o we ’m - m a m off mim uc _ I  p i - oc - id e- s d: mt mu d isp lay , c _ P i t a  im m se r t i cun  m un c h mod e
S’cC i c - P i n g  lot’  t Ic , -  IN I - . ‘l iii- ( ‘ 1 ) 1  / \ l c - u u u u u - v  Ad: ipt - i- p rovide ’s t l u i -  inte ’rt ’ae i ’  f ’ n ’u um u i the ’
M l ( ’ h t (  eN c - c u r u m 1 m u t u - u ’  t i m the’ ( ‘ 1 ) 1 ’ . It also I ) u’Oe’ic _ h i ’ S fe i r  i t i t c - r f m m c _ ’ i n g  d m u L - m t ( m ‘fm’ i un m tht ’ ‘I’e’s t
Static _ut u c ’n i h ilc i ’ nm t t on c ounipi m t i- u - (II l’21005 and to a stri p p r i m m t e ’ r .  -\ 16K ve’ot-d (-c -il -i’

1 2 !

.--- - - —_  —_ -
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C m i ,  m m i i  mn - v  u s  c - m n mt m m i mu ,  ‘c _ I ye-il Ic mm t h o - \ dmm p t i ’ m ’  wh i c - l u  Sc’ r y e- e l  m i s  t I n e -  V PU ’s un a  I ru mu -m um u’~ih u i t — i t i g  sm di ve’ ;m u - n -  mh , ’v i ’ I o p n u u n  c i t  fu m u’ (lie’ !I ( )\ls ot; ( h n u -  s i ’u u u i c o n d c _ m c t o m ’  n u i - u u u c _ - i r y  pa rt cmi
t i m ,  I )  l ’ t

No t u u e ) d i t m c ’ a t i o m u s  ( c m t I m , -  N i 7 , \ ( ‘ 1 ) 1 ’  v e t - i - u -  u ’ u ’ q u u i n - u - c _ l  1cm i t  to tu ie-e- t its func - t ic _ m n . ,- \ l l
i t u t  i u - i  ic’ u u m g  m m m d  I c m i  I t i  - i i  mug ce’mm s m m u - e - e n u i p l i s h u n - c _ I  ce - it I n i r m  t I m e -  \ c _ Ia p t u - u .  I - i  g i m r u -  ( 1) i s  mu blo ,-k
t l i r u ~~u ’ r u i i m  i - i l  i i i  \ n t m m I u t u m ’ . I Ii t i m u i t  u s  c -o umup eisn ’ d  ed t h e  lcd loee ’ i n m g i t i - n u i s :

1 , i inc 1 ~u m ~, Iex I im  I i ’

2 , ((tic’ ( ‘ N h i ’l ,  PM ~“ e1 I ) I M n’ ( \Icwlul,’

3. u )n it ’ SI MS--:, 1’ c’ c i u ’ m -  t n t - m o n - v

I - m u um c - I ~, u y vc  - u ’ Sn ii clv

5. l h i n u s i n g

The ’ I ( i t u i c dc _ i l i  yea s i l e  si~m u m i  c _ h t h e  i ’ Io p i ’c l  n un ( I i i -  N77 INS pr ogi-amii . It is mu l i e u -
I m m \  en - pu - m u t e - c _ I  c- i n - c - c u l t  I m i m n u  i - c _ I  P( ’ I i )  e o t m t m m i m i i i m g  e ’ m m t ’ i i - i t i s  t\ pi’s of i r mtt- g u - nmt ed (‘it-c-emits.
i ) u u n -  I e n ui c demle ’  ce-as l ’m m l m n - i c a t e ’ c I , m i s s u  n n h m I i  u l , mi t - m d t c _ - s t c ’ c I .

The- (‘N P h - l i M  Sttpp on’t U c , d u l u -  is  n’m c u l t i — p u , u n - p e m s u - , hut  i t s  n u i n m i n i  f u n c t i u u n  i - s tcm
l in t I c - n ’  flue ’ ~c 1 t - n u o r v  ou tp em t  l i m i t - s  fm oni m t I m e ’  i_-u t - i -  n u u c - t u m o r v , b u f f e r t i m e -  s t m t t c _ t m-m
(h i Sc - r e - t i - s  I u - on nu  t l i i  a d a p tu -  n’ (cu (lii - I I’M , and sv m ne - t i r on i z c  t in - poo’ ’t - r n off of the-
\ e l r m p t c ’  u’ w i t h u  t hu , V I ‘U • I t  is mm th ree- l n u ~~ -r h ( ’  I i . Tyc i m (‘N P -‘I- P\l S cmpp uu r t
\ l i m e l c _ i h i - s  u c m u i c ’  s p rm  r e(  we-re ’ f m u b r i - m u t c - c _ I , m m s sc - n ih l i - eh , m u n c h  t es t c -ml .

‘ l ’ h m i -  —m I ’ M S _ p l )  is  mu I 6 m i t  ‘-m 10 , 3M - I  I O N )  ve ’ord cc _ - i t — c-  r n m c ’ u u u e ~t -v pu nc - lu a se - c_ l  f r - o n m
I h n - -t r e m i t  \ I i ’ u u u o t - i i  s. It  b u m i s  a , u u m i  - t umi c m - os e -c ’on d e’\ cI e I h u e - , n i n t h  mul l o y c ’s  opera t ing

t b u c _  1 I’M wit Ic si u nu i 1 m m r t i  ru m i r mg r c _ - q tn i  n,’ n n c _  -ruts m i , s  thu f ina l  ~ c _ - m ,eondu - tc _ m r  r un -mi - i  ry’. ( li-ic ’
tmm ’ ’ t i i o u - \  y e - mis  p c_ u n - c b i m isc - d.

l ’ hi u - I ow c_ -u Supp ly gi- m u m m ’ m m t c ’ s  m u l l  t h e ’  s,’ - m i tuc _ lm m r~ o l t ;mg ’ e’s i’c ’q cti u’ e -cI I c_ n - t I m e -  ,\ dmupt c _ ’ r
m i m i c _ I  t i m , ’  ( ‘1) 1 -

_ I t  n i l  so (-mit n i l  mis thuc ’  n - c- I m m y s  tc_ cont rot powe’ m - ton -  thuc  - Adm upte ’  m , ( - I )t -

amid I PU.  ( m u m u -  l ’ u i w u - n ’  Sempp lv ve - i t l u  s p m m  m ’e pmm i’ts ye-a s I m t b t - i c m u t i ’ u l .

‘ l l u i -  h l o u u s i m u g  i s  t h i n -  c l m m i s s i  s ( l i m i t  ph v s i c m m h l v  supp om -t s  t I n e -  umicm d u h i -t-i , m uu e ’ u u i o n - v  , mu iud
pove-i’i- scupp l e  . .\ f a n  u s  u u u o e u n t c _ ’ d  m m t  m u n u c ’  c _ - n u c _ l  I c _ u n -  t o i l i n g  t i n t -  i - l i ’t (  r u n m i c s , li me-  Im o u s in g
Celis (hi-Sign ’ d m mmmcl fmu lu  n i  e m i t  id , wi r i-cl m und  ( ‘ t u n t in t i i t y  t i ’ s t i ’ i l .

‘ o nuip h c  I ’  c-hui ’i r - kcn it oI t l i i -  u, ’ i u I ’  t M c ’ n u u o r v  \ c _ l m u p t e i -  ce- m is  m u c c ’ e m t u u p h i s h e ( l  i tu \ l m m \  11) 70
mind t h u r  uni t  was c _ l u - l i v e n - i ’ d  to ( I i i -  i m u t ,  g u - m m t i o n  l m u h m . l ’h i is  m u c t i e  it -v c o t uup l c ’ t u ’ c _ I  ‘I3tsk 1 .3.
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2. I I’ ,~ ’-I \ I . I , n—jc ‘I I \\, \h l I

I l i t ’  in m i d  c s , ’ —, c c l  l i i i  —, I i s l ,  v e t - m e -  1 cm m l t ’ vc -l e i j t N t  n m e l  I c - s I  s t n i t m e u u m  s mm t l y e mci - i- . I 1 m m ’
I n i i— I~ t ’  , c ’ i c i i -  t i m  m I n i  l , m  m m u m n u  t v - s i  s t i m  u h u e -  1 1 1  \ I  sc si i ’ u m n  ye mis  c l i  - l e t  c - c l  t m - c c n n  t i me- e m u n t  n ’ n u -  1 d m _ i -

l l - f 1,,

2 .  I .  I t N t  ~ c c l l V , , i u ’ i-

I . , 1 I ( m u r k  -~ m c  m u n i c h

l’hc ’ ~~c ) l ’ ~, t i c ’ t in’ mu t it im umim n umi ct is m i p c - r r i ( i e n n i  of t h e’ I N I ’ is m i  le-tuiented in the- \1I(’Ii ( iN

I m I’I — I ’ i m c- I m I ’ l  i n - m m n n  i n i t c - g u ’ m u l  p n u r ’ t  c _ u t ’ t h e’ N i,’. It Is a h u u v e — e e r i g b m t , l i m ve — pc _ u v e e -r , lu r c e — r m m s i
- ic c _ I n  c ’ m m  I c  - - I i i i ’  - c -n ’  n - - m c i ’  ye it in - 7 2  l u n d  —t i c ’  n u m m u c h i  ium c ’  i t u s t  i ’ c _ m ( ’ t  m i u n  s , i t i c __ l ud  i n m g  I n ,  st m h c m u h l e -  — p n’ c-c - i si cuti
j i m — I t’ n m - I  i c i u m —  i l t i \y, - u ’ , -  m - t j m e ’ r i l i e - n m l l v  m h e - s i g m u c ’ d  t i e r  \ l I ( ’R H N  u i , ’ c _ l U i r v t u l e ’ u i t s . ‘ I ’ Im c ’  ni~~- u ’ n m t i i u n m m I
l I n e - f i e ry ’  t c u ’  (lie- l u I ’ l  is ili ’ sigui i ’l R u I c c -  u c i c i s l i y ’  r c ’ n i m l — u u m u l v  uume -n in ur ’,’ ( I ’m - i t ’  l i x e ’d  p t o g u ’ n m n u l )  t en
mum m U  rid i t -  n - v I — i c ’  m i  l i l t -  — c c e l ( ’  e e c — I  n- . I l u m v e c v  i ’ m ’ , c ii  m m ux i  l i m i t - v  e-xte - r r n n m h  ( ‘ c u r d  - miu e- iu im irv vv mi s

u s c - i c m i ’  p i ’ c m o n ’ i n u i  c O ’ \  t - h c m p u i m c ’ n i (  m u n c h  v’ e r i l ’ie n m t i m n.  ‘l ’hit ,- ~) m c m g u ’ m m n u  st r u - t u u - i- Imm i s  bee-n c h c- t ’ i u u i - c h
‘— m m m li t O u t  v e i m e - u m  i t In n s m m - u n  v e n t  m c c l  i t - u  t i m e ’  l i t - I d , i t  ( ‘ m m t i ne - tm he- - e u n v c - r t c _ - m h  i ntc _ m fixc ’d u c ’ m u h —
m u l e ’  u m i e - c n c c n ’ v ’ . I’ c i t -  t i n t ’  u m m e - m u n u t i t u m e , th e’ c-c - in- c’ un m e-n mu m n ’v ’ nil l oc- m i t icumu hmu s bc-en pm rti t ie mn ic -d sic

( l imi t  l i t  - c m i  u i ,  li i i’ P r( m e t  um ’m c cu - v  h u m u s  t Ime’  i t h - r u t k - m m  I n m e l d u - c-ss u m m  ng c- u u f  t In e ’  u c ’ m i c h  ve m’ it e
s t ’ ’t i t i n  c , I  n u u i - n i n c c n ’ v  inn  t i-me ? venu tu mnu l  I ) P t ’  m m u e m u m e e n - v , m m m l  m m m l v  I ixe-il it i f e u m — u u imuti im tmc c -up ie,’n-i

t h e  - . c d c h  m c  ‘ ‘- m’ n ’ m u t m O d  - ~~ 1 t i m e -  u’ e n i l  —tum u l\ - m c m i  - nu i cu  i-i’.

I ’ l c i -  I ’ m ; - . - ~h (  ~mm - m i g u’ n J n n i  h e .- nu , ’ f ’ i t t e - e l  t’ r cn i um t l u t ’  k -e ’e ln pn i c ’n t  c _ f  pi’u m g r n u t u i s f m - i n ’  the  N 7 7
t— e i — li - u ii cv i t i m  mc \ I l ( ’ l l )  iN t ( P t  ye l u i c _ - h  I ) u c ’ ( ’ e I c ’ m I  t h e  el c -e ’ c - l c m p m u i v r ’ it l N ( ’  s m t t y c m m t ’ e. l iv m nup i m s—

m i mm ~ t I n t  i — m m  u i - i c -  t u n e - m o m  u ’ y ci c u m n ’ t  rm i i t i t r- ’ cmi i  t Ime ’  N s c u f t v v m m  m’ e , it ve’mms h i ss  ib le  to s tr e t e - t u r e  t i m e - s e
l u i ’ c - 4 n ’ r m r n i n ’  i i i  s u c - I m  mm v \ n m v  t l m n c t  thue v vc, t n s -  s i t m u i l n u r  t i - i  t h e  c o n ’ r v s p e n m c h i n g  I - : I ’M pn ’ i m g m ’ m u u u s , r m n c h

m i  i - Ic - t h i c  — i  c h i v e  m u - c- m I m e m ’ l i m p n i c c ’ n u t  t~t sI~ ,simnn m c’vvli m t I i n c  s ic ’  t .  ‘I ’I u c ’ i t m t c - m ’ f m m e e ’  i nmu r c l w m m  n’e m u n i c h
f u n c - t i c u r u n i l  u- e -m 1 u m u ’ c ’ t n n e - n m t s  v e t - n m ’  n—mi tti c ie ’ui t l v h I l t - n - n t  he- t v ec _ - c ’um “-77  m u c h  t ime-  I N I ’  t i m n u t  h ue ’
l u r e  m ’ ~ u’ nm rums -cuu f c _ I n u t  l i i  - mu eh c - i e l e - n m t i c m i  1. I he u y ec- v c r, th e’ l’c u nm m l m i uu m c’ u m tmu I numeuc _ le ’s c t  ope - u n i t  m c ) u m
m e n d  I’ m -  m m s — i -m ni h m l v l n m nn gmm nig c’ ve c rc i c _ l e n t i e m m i , m u n ch t iuim -i cc-m is ho -t ie -f k i m i l  tim l N I ’  s c c t t v ; m re

- Ic - i - I c  i~ u m m i ,  ‘ i i i ,

I ) u i ’ i u i g  I ! u , ’  t i n - s t h i n i t ’ I  c c l  l ’ h i m t n - c -  211 thnr ’ m ui m ghi Mmiv’ l tuTOu , time - uk-f inmiti m in c i t  I N t

I u n ’ m c o t ’a t u i  u ’ i ’ d l t u i r ’ t - n m n , ’ t i i s  \\ m e n -  l ’ i n m m i l i i , c - t I .  h - i - t u rn  A p r i l  t b u r — e m u g l u .~ m ig u st  met 1976 , t I m e ’  I-must

v - I c - , St ; i  u l , m m r n i l  ( ‘ n i l  1 ) m e l m m  t e d  l i e - u  1 u r c i g n ’ m e u u m  s e - g u i - i c - r u t s  e e , ’ r i ’  e ’ m m u h , ’ c h  m m m l  f u m m rt i m e l  lv
c _ ’ l i c ’ c ’ l - , i - c I i , m i t  — I m c c l i u i g  v e n t s  c h e m n u c _ -  i n  I m u -  ( ,\ I ’  U h ) , ll ( i N  n e s s c - n u h l e ’  m I m c u m g u m t ~ c ’ , m i t u i l  I bu t

sie l t v e  m i n i -  I d i c - V i i u t m S I V  c I , ’ \  i - l m m p u ’ c I  l ’u m u  t ine ’  N 7 7  sc’ s t e - u u m  ve nus  t i~~i ’ m h  mis mu l m m m s m ’ l i u i c ’  i n n  i u i u l c - t ’  t i
c u m i u m i n u i ’ m -  i l l i c i t .  ( ‘ l u t ’ c ’ I - , c , u t  v e n u s  n m c ’ u ’ c m n i h u I i s l n ~-~I 1 m r i u n m m m u ’ i l v ’  l iv -  t i s i n m g  t i m e -  1) 1 - l i t  ( n e m m i l
S i u n , u l m e t i i u ’  c u - ’ m o u ’ n e n m u s  m i s  u i - m c i — i  m u t t ’  s c m t t v e n e m ’ ,’ c- I i c ’ e - I ~m m u t  u c u m m l s .

In I c c  r’ n t l l m - l  cv ii in t I -  u - i l u m n ’ I  c l , - i - i i ’ i ’ i i m m ’ m l  m m h m c i v ’ m ’ , m m ne - ce m i s s t - u n m h l c - u ’  m m n m i h  m m s s m m c _ ’ i , u i , - m I
i t t  su ‘ f t  y ea u - c - vi,, - u - u - m I , - e s - h c ) 1 n - m I  m i n i m  I v u  - u i  t i e - i  I .  ‘ F lue -  ni t- y e -  m ,n ’ - sc - u’m i l - i l c ’ t ’  1 I i i ’  \ I  I t ’  1(1 ( N

\l mic m ’ c m  ,\ ss , -u ni iihi- m ’ u uu u~c m ’ ’’e ‘- s  i - n m i l mui g m - I i  e ’ i i ’n i c y ’  l u y  u i  - e k m e i u i g  t i - i c ’  u m e t uu l ue ’ i ’  ml i i  l i ) i he-
n l m n , - n m i c , m m i i ’ - -- l iv ~i f m t c - I c c m ’  c , f  h u m ’ , m m u m m t  l ) r ’ ) v ’ i i l i - s  ( h u e -  e - m m l d m u l d u l i t C ’  ( i t  m i s n - - i - f l u l m l m t m g  t hin ’ ~u r e m g i ’ m m n u n
m is  , u — ‘ ‘ m l i ’ s  ‘ m l t - ,- l c n ’ m e ( m t l m l c ’  uil~~i- m t s t - g n u - I l l  s ye h u i c l u  c’a uu hi,- h tmL— 1c m ,  Ic- cl t i m I ’ m u ni I lie

- x i - e - u t m i i u l , ’  progu’m i lnc . (‘m ii hinug of t im , ’  \ I i g t u  m i t u ,  N m i v  p t ’ c - i g r m m u u n  s , - g l n u i - u u l s  y e a s  c h e u m m e ’  m u  t i - i c ’
\ I I ( ’ l t (  u N  \lne c - u ’ c u  ~~~n - , ’  r u u h l c _ - m ’  I m u m i g u m e g i ’  I m u - g i t u n n i m i g  in - i  , i m ml v 1 1) 70 . I ) u e ’  tc  l I n e -  c ’ o u m u l u l c - \ i t v ’  cml
I l t n  - A ll ~ n m cmiii N t ee’ c - u i  t i u p i n l  mu h i m u M , t hut  - I i  rst  st  m u g i  - ‘ m l  i -l u ‘i L iu m t cv mis  pc u l ’cu r u u u e m I he- ems j ag
sn-v n-in t l  iuim l m i c , ’ u m m l,- u il l v— i ,’ m m e li’ i i III ’:’ 1W) chi ck l ) I m u h m l c - m u m  1 u u ’ i i g t ’ m m t i l s  h u t ’  e - o n m p a u i s e m !l i - i l  s I c - l u —

ic y n - I  ‘ ‘I ’  n- i-set I t n -  . t h u - m u  si n u m u l m e t e ,  r m u u m s  C’ i ’ m - c -  us n ’ i i f_ u i  m - m l y ’ umm muu me’ c -h i t’c _ -L iu tml mmi i c-v m m V in c i  h e m u m s
‘it uu m m-e-Ima ni z m iu m ciii m u - s ig n mniqm ro e c-n , is. I i m u s  c -he - , ’k ou t  prm c ’c’m h u i ’ c’ ye- m i s q u i t e ’  s t m e ’ t e - s s f t m l
m i s  l i - y e  si i t t , c, m u m ’ m -  I , m ’ c u l m h ( ~~u c s ve t- u ~i- u- u ue’ c i ~ - m t - m I  ‘km n’inm g sUI)sc’c_Ilt, uul soft ve m u ri i t l e - g t ’ m t I  m u

; u m i c l  a l i g n u n i u ’ u n t  m in d m m c c  i g n t i  i i u m m m d  no rms cc f i l m  l I n t -  u t m t i - g t ’ m i t c - m l  , - ty’ s t e-u m m .
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I ’ l i t -  smm h m l ucd 1 ~- c t I  ,c ,~ n e -  ch c ’c m - l m u i u c - d l  ye i i i  l i d  - I n c - y e  mn - n - , - nu m h u l t ’  u m i t  mmmli - s mu I u ’ ; m  n s l m c  ( m u’
1 m m ’ c~~ , nun yi, Ic ic- l u e’ , m uuvc ’i ’ in - m i  -‘ c i i  i c ’  - I i ’ d 2  n - mm mum I n ’ d i u uu I c - m m I d mm n- n-,’ - nuc hu li - t ’ l:m u t g l u m m  my ’  I i ,  I hi m - 1 m m -ve-
n d  — n - , uum h m lc- u ’  I - i u ig i t  - m ’ - . ‘0 i n -  I~ 

‘ ‘m~ u— nm r u m i n -  m i s , , I t o  I n - n m  ii s i m m  I d  - I c i t  p mm n— I ie u mu il 11m m - IN I n - m c i  I ’ -, - . m u m — u -

c - c c m l i  ‘c _ b mm I i i  c c l  m l m n - n - c - i l l  I I  m - r I; i i mmy mu gr u n i t e  c 11m m’ \l I ( I t m i N  \ I m i m  - r i  c ,\ n -n - i - nh ii - m 1 m m  m u o n  mi ge - .

I N  I ‘ — m l  1w mc m c  - - i c -v  i ’ l m i l m m m t m ’ u n l  ye m i n- mu t e h e ’ m l  e m c u n s d h -  i’m m h l  v- t I n  n - c m m m g i m  t Im u ’  c l m ’ v c ’  l m c l m n u m m ’ nm l c c _ m e l u s e  -

- - I  n - i - v t - u ’ m u l  —.t i l m h u d m u ’ i  I u m ’ l ’ o u ’ m m m u m s  v v l u i c l i  u m m m u k e -  m i s c ’  c c l  I I i m ’  l i I t 2 l ) d m )  M I ( ’ I l i  e N i u m V - u ’ t m m  m e - _ N i l m t l c l \ ’ ,
t h m c - n ’ e ’  I u n ’ c- ~ u ’ r u m s  i n c - l u - I c - I ) I - I I U ’ ( ; , I , ( c \ f t \ I , muum i h S,\\ ’I- . U. .\ v’ e - u ’ n - i c d i m  cml Pt . 1(1 ~ l u m u s  h m c - -nu
e l i - v  c - I -  9 e c  - -I mm cv m d - i n  e m  c ul t n ’ cm l is i ’ \ c  - m’ c - i  n - m c I  1 1 m m ’ - m i i ~~I i t h u I I  P 1 1) ) ) )  ( ‘ H I ’  i - c  c ims mc li’ ( i i  c l i  n - i u h i  y’

m i u m m l  ( ‘ l m , m u m O c  \ I I ( ’ I lc c \  u m m u - r u u ’ ’ r v ’  l c , r m i l i e m u i s , ‘Se t m n ’ c c g m ’ m i m f l  t m ’ n i p n - , m m m m c h  n - m m -I l ime’ ; m i ’ c c O u ’ n l u m n
c ’ c c i l l i l i ’ i ’  n i t  m u n v ’  sm -l e ’c’ te ’ m l Ic e- m i t j o n  vv h u i l i ’  l i m e ’  ~v l l ( l( ( )N 1 ) 1 > 1 ’  is i u u  t In u - c _ m m uu umu m l , - . ‘l Ime ’
1 i m I )  U t i c

_ c o  u - m i n i m  t c t . i,y ’ i m n -  lIme— c - m e b - im el m i li (y’ i i i  I c - in tm liu m g menu c i i  cj e-c -I ~m m n - c g  ‘ mm m u m  n u i c i c i m u  V F u ’ c m u ï m

in  I I I  ‘ 1 1 1 m m )  m h i s m -  1 , 1  mi I i  Ic  - i um tmc time- 1 )1’ t 
- u lmc ’uum o u-y- — \ \ i t l u  t I nt’ S,\ \ I- . ‘~l ~u m ’ m m g u ’ n i n m m  , th u c’ t n t  i n ’ ’-

I i ;  I ’, U I ( ’  Hi u N  u u m i ’ n n n e ’  n y ’ c - m i m i  I i i ’  n - t e e  u’ ‘ m l  in  m cm i I I I  ‘21 do t i i s e  m l a t a  l i l t - . I c O c t  h m c - u ’ , 1, ) ) .\  I

, i u m c l  S ’v \ ’ I  U I m m ’ c m v i d h e ’  t h e  c’ m ip n il mi l i tv c c l  m’ m m p i chl v ’ m m c m - m - l m i v ’ i u ig p n — c m g t ’ m i m  c _ u l m ; c - m ’ t  s t - g n m m ’ t t I s ’ m ~~ I

l b - it-ni c -re  cl  i m g  c i t - i  n- m iv ’ i m g a siuu gl c - m em O m ’ m m , i n m l i m e  I nu m m u m  em It I’ n ’ c m nu m ye hmic ’l m m e t m ep t ’  c - m e n u  he’
I c c _ m e - l i e -u , i t  li-si n ’ - I .  ,\ ll m-i cm j t y e -am - e- v v h i c _ ’ I m  m u m m i k i ’ s  i m s e ’  m u f  tIme- I I l ’ 2 l m i m )  ‘vlI( ’Ild) N i n ( i ’ m - t m e m - c ’
m m u c -(m m ’ I ii - l ’ , m I c - n -  m u  c i i i  - m  ‘I n - tm ni l  [c a i n  u i ’  I cc vc-n - i lv ac- i_ t n u - mite- i l a t m u  t n - m e n u s  m i s s i c _ m i m  -

‘l i me’ t N t  — c c l t ’ .y m c d ’  hm es hue-c-ru el , ’s~gi~i ’ c I m m m - c ’ ccu ’ h umg 1 mm t O t’ i’ c - t l u i i ’ m - n u l d ’ n t s  m m  tIm e - tNt ’

(‘I n - p c  m m t i m ’ m e l i c , i m .  ,\ lI s c i t t c v m m u ’ c -  t e m u m e t i i u u m n u l  n - c ’ i l n i u ’ m - u n m t ’ u n t s  h a y , - l i t - m u  c ’ l m c ’ c ’k c ’ m l  ou t  m m c l
y- n - m - it i , ’ m l in n - v - sh I m  iu m t e’g m ’ m ol i cii te n-I  j u n g  cc i tO u n , -  c - ’\ c - m - I m t i c m m m s  i l  n - y ’ u i c , ’ I n u - i u m i m i m e k u cg i u t m l I l i n I s ,
m h i g i t  mel - m l , ,  h u n -  m o n t  t i c _ m t  s ct [m u s t ic e’ 1 , ’ m m i i i ’ . c c c  m n - i l  i mmu n ti h mihm e t c- v - inc ulm e tm u Icc _ is , me n d m l m ul m u liens

e t m u m t  n - c l .  I ’ h u c -  i n u l m ’ n _ m I ’ m i t  i i u m u  t e n - t h u g  m c i  t l uc ’ n - ’ - t c m c n e - t i m u u m s  c e m i s  c l c ’ i i ’ t m - m i  l ’i’e u mm m the itute -g n’m e t iomu

1, - s t  p l m u n i  m i t  u h i -  u ’ e - d l u m - n - t  m e t  n h m c ’  c c _ m n - t e e m  i - , v i i  I ,\( n - m i t t c v m t t - c’ nn c - ( i ’ s n - m u r e -  to  s u f q m o ’r ’ (  thu

‘ ‘c_ i i ’ i ’ -nit  t m ’ s l m  u u m ~ h i n t s  he - c -mm ( ‘ h u e - e ke- il e c u t  —

1. I - 1 . 1 I )i- sr r iptic _ ufl

I I ’M e ’ d i u u i l c u i t c - I ’  p i ’ e m g m ’ u l m u , cc h u e - l u  e ’ m c l l t r m d l n -  ( I i i ’  t Ni ’ c h u t ’ i n m g  all in c h e s , is
c i ,  - n - ,  m m  I c c - c l  i nn  I huh s n — c  ‘ c - h  j u n .  1 lee’ i c - s c ’  m O t u t  m ’ m u u  I ru e’  l u m m  I t - s  f ’  n n - mi  inn n u m c _ u l i  - c -c c U t  i ’ m u  I , p t - c m g l ’ m m u l n

— I  m’ uc -IUi’ u- c - \ i - c ’ c i i i v u -  n u m u m l  I ( ) m , I c ;u e’ I , g m ’ c c t u iu m l , u u n m c i c d i ’  s u h n ’ i m c _ m l i u u i - s , n - m r u m t m t n e t m c m ’ , mm m l  t n t i l m m v

n - , c _ m b i m ’i m u t i t m i - n - .  l i - t a i l -  m l  I’ lumv ~ c ’ h m m i i ’ t n — m  m c m i i i  t m i i e t c - s  , i t  I0’o O t ’ m i u u l  c s c i m n - I m e m m t s  m e m u m i  v’ a n ’un e iil,’ s m i r e
m m - l u ’  1 c m  I 1 m m - h~~ I - i~ 

- m um h jtm-s ( t i n t - ’ in g i m  I -

2 . 1 . 1 . 1 . 1 I c i~ c c m ~~i~ u ? l i U i ~ m h  ( c m m t m ’ - c I ,  I l - i c -  c u ’ c~gm’ m i i ul us - i imnt m ’ iull e ’ cl I I uui ’ n gh u tIne’
( ‘i u n n l  m i m I  \ , i v  m g m c h i c _ i u t  P,eimc _ ’I , cc l i d - h  c’u u’ni’ nmilv t- cunmsm n - I s of mu n u m , , m l m l i m - m b  N57 .\ ( ‘I ) [ , tu e -re’

m u - i’ t hm n’n ’ i ’ lim e - . i c  p m ’ i m g i m u l m t  m u n , , c l i - s  m ‘ ‘ St c m - I , ‘ “
~~\ l i g u m  m i u u u l  N :ev i g n i t e - , ‘ ‘  ouch ‘(‘m mlih t- m u t ion -i I ),u t mu

t ’ m c t h i - e - I , ‘‘ I l i i  h i l t - u  n u n c i h e -  i n -  c _ t n - m c I  t i n i l y ’  in mm t m - n - i  n - , I m i l i i i m n  m m m c  i n’emuullmm’ um t ye i l b n  m cmi  I I I ’ l l O ( (
I m m u t m i  , \ c - i 1 t t j n - j t j c i t i  S e n — t i - m u m  i n i t c - n ’ F n i c - i - .

If  , , c c t  - -mmcl i c  - — - - i c _ u i -  - m a o  is n-~ - l ~ e l  i-el liv’ I hi’ im l u e- m’ nel mc m - m l  he-  ‘‘ n u i u m n n m i l ’ ’  c cp e ’rm cI icum mm ul

c - m i s , ’ ) , flu ,’ I )m’ u ,g 1m m m u m c ’ d l n c  m c c c ’ s  t hu ’ l u g I i  t l ie ’  c , c r i d  d i m s  sOl e - n uu , u , k-s u I  I hue- S I .\ II  I ~u i ’ u i g  i a n , ,
I b n r c _ - i u g h i iii ’ ’ n- i  - I - c - t i - i l  ; i I I  gumni mi - um l m i n im ii’ , mc m ii i m It ’’ I lie- m mmiv ig n it e nun,, he- . I l i e ’  o luc ’  m’ a i i u  t u s
-4 m e  n -mu i t u l i c _ ’ _ el  m i c e , —  c c l  

~~~ ‘o c ’ ’ -  n- n- m u nich 1 1 1 1  I st ulu i n - , m i e ’ c ’ii u ’ m l in m g (c m tInt’ s c - I c - i - I t - c l  m h i s p lm i v tum u lt’ ,

i n c t im , ’ (‘III ’ . ‘l iii- ~‘~~\\ ‘ I l l - , . \ I m ’n ’ m u m l m m ’ m m l m c r ’  is j t lc _ m rumi uu m i tc - m I ye lie-mi t h e ’  s c - c 1 tie’u u c _ ’ i ’ us e - mu n m l m le’ t e’ c I .
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I l u , - 1 , u’ -o m’ ,i i u m mIs ’’ m i s  lInt- c’ md l d m d l d i l i t c ’  ‘ i t  n umecu c _ m m c _ I nm ncc m l c’ si-m ~ti m’ u i c ’uum g m u m  mm civ ’ c c r el c ’r

d i  ‘rim mmcml ’ I c  ‘ d l  h u y  1 1mm - c i l m m ’ n - mit c ur . \ I m emn u m me l I i i ’  ic lu t i  m fl! ‘d i  I i n -  h e u ’mu c iu he-c l l it _ i t umme ru lv I c  c i ’  I , - n - I

l u e m u’ l cc n - c ’s. lIm e - (‘ cim u l di u c r mis ’ , m i s  c _ mu i n t i - u ’ l m m i c -  I ’ ’  mc l i n e -  1 m m - m i m i c  r i c c t ’  I c - n - - I m l me(a m- c u l h c - c ’ t i m u u u .

c l i  ‘t —  - ‘
c I l m m i  m eugbn cIt - t i  i nc - 

~m u m ‘g m - n e num m n m ’ im i c ’  tu m mm t ‘ c c l , pi ’c mg m n e n n m  c-minim m u m e n d  Is , l~ 
mi  tn t i _ m-

t -c i i i ?  m m u i , ‘I ) t - b in - t u l m mvn -, ‘ I i n - i - r e t , ’  mi ss i gt i  mum ’ ‘ l i t  5 , n c _ mu ch mm m l ’ ’ r n - c _ i l - i l m n - n - i  g i i m u  i-n il n- .

2, I . I . .  I P t - ’ m m t m m i r u  S t m ’m i c - t i t i . I ’ i’ i c g u ’ m c m u m  c - \ c - c ’ e i l m \ c -  m ’ o u u l  “ i i  mn - t , c c i l m c i u n i ’ c l  m m  t i m , ’

m m — I c _ - c m V -  ,-ci , m I m u m ’ - , Ce l i m O  i -  j U l  c - c ’r i q  ml — d  m m v i i i  mit n o 6 I Iii m m m l - - I Inr I m m n - I  ‘ye-li’ us

n- I ‘ t i c  - l cd r e ,  I m i n d  cm m un c I I In , - SI -  I ’  I i m i c y m i d  mum — - i t  I In mc  c mu l le- ‘red dl — n a I II , - - , I-~N I u  U I , m enu ’ I

(‘U ‘I I I -
. ,\ I i rum inmg - I i m mm ~ u - _ i u n  e l m  ‘pie- I ium g I huts n - I  u - n e - I c_ i I’ m’ in - n - li m ,v I ,  m u  I m gum u - u ’ c -

\i , m) m mu ’  tui m ui ’ tim mu i n - l m , ’m ’[ , m i u c - c l  I c y  h u e -  h u n - - I c c  m l ,  m’ m c u l i u m m -  mm m c -  l m — l e e h  i m m ’ l m m c y

l i _ c c m_ n , n ’ ne t m m I ‘ ‘ ‘ un t m m i i  1 , - c l I i i , imm e ’l t m u Im mug c isc ’ n - c-ti-s

I - - c ’ c n u u m l i t ’  ( ‘ c i i i  I n - ’  t i n - m d i i ’  u f l

2 , \ i ’ h ( ’ ( ’ i ( V  nit c ti m uie u l n il i m mum , n -l mi uu nc _ Xis ‘ c c m m i u l i m i m i l i ’ n -

I ‘m m n - I i n tl mm r u g lm - c - c i t i q  mm ‘ u t s m e t  i d - i t - i

- a  ( ‘ u - m ’ t m u i n m  h i l l I’ l u - n - I s

I ) c u c m c c c l I u ’ c - i l c _ m t - m m e - y  c_ m a u l  i - c u t

7. m—~ cium ru u c c l i i  m e , mnnmummmem i m Is (c hm e n m p atm c mli ’ c c n l v ’

Nu c m in I mi ii / u - spin v - m I c e  ‘n-

Id . l ’ h n  - m m mi I c ’ i m m u t  u - c u t

I i n - h  n_ v c l i ’  c l i ’ I m c i l i ’ i i  f l i u c ’ - ‘ h u m t m t s  meI -~- 1 u ’ r n - c ’ m m t c i I  m u  ,\h i t me- n uihix ( .

I l mc - p m - i c -,, i - md Oh c m ’ u m t  i - c c ! I t - m i  I ( c iuu e -lc _ m , I c - n - I hue - ( ‘ 1 ) 1 ’ , l i r i t i t  i - n  m i m i c  I I I I  ‘ 1 1 a m ) . l I me-  I I I ’
im ci l l , Lil m m mmul t mt’i um ti u cuu m ( I ut u I sln m u mm - a e ’ ,uuunu mmo um c’hmm e u i n e -I . ( )mulc curie’ ‘ i f  I lie- cli v mre’s tmt mm hue ’

e’ , c m m u m c c ’l m ’mI mem m u l opi’r’m clc - c _ h  mt c c i i i ’  tiumme ’. ‘I ’hi c ’ lmmst c y c le ’ linu ic’ s l nm i n’e - s III’ i nm p c _ m t , I l l ’ mc im tp c_ nt ,

1- iI ’ j c utc m ’ um _lt I uu I , ttti m i (‘1 ) 1 ’ innpu l m m Ut l )Uu so cur t l y’ uu uu- tun i c_ -I ion is l u , ’ u ’l cmm ’uimc ’ dl -mmcli I u ; I sc~-

III’ i ni p - I . l I P  oemt put  m u n c h  p c_ - i ot t - i -  output a re un iv p c ’ n - f o n ’ n u m m  ui  v e ’I m c _ - n m n -u qu c - n -tm -ml 1 m m m u io t h m c -  u
p m - o g n - m m u l m  m u u c s h t m l i  -

— I ’ u - i ui t i  - u- output  ch um un Iv h e -  c - x e - c u t e - c l  mi t  m m m a m d x i  mu uim of tu mun c’ s /si -C- .

I l l ’  i n p u t on- c , t t tp c _ m t is  c - x m - c e u t c - c _ h  v e ’ I n i ’ n n c - y  cm ’ c _ Im mt m m b m l c u c k  le ’u ug t lu y e -nt - c_ I s I I  P IN or h i  I’ d ) 1’ I ’ a u - c ’
m u , , n m , , - n n , . I i  t h i n ’  i t n I ) t i I  e c u ’  m m m ml l u ( m i is s m u c ’ c ’ c ’ n - n - l m m l  v e n m m ’ c h  l h l ’ I N  ‘ c m -  I I I ’ )  i ( I is s e - I  i e ’ u ’ , c . If  i t

is mu ’ m l n - tie-c-u-Ms l i t I tp m u i im me b u lv’ c lu ,- 1 mm imm se m Il l H i - ti t I m mii- , I hue ’  y e ’ ’  u - c l  I I  l ’ l  N c m i ’  I I I ’ ,  ( t  I v e t  I t  h i t ’

I n - I l  m c i i i , , - ’ mi nnul I h u e ’ I u ’ m e m u n - m m t  n - ’— j m tu cc i l l  b c i m u i t  in ) u ’ c l  I u ’ou ii I hue ’  I i  g u m u u m m i g m ini I b ne- um i -\ I cy c le- .

,-\ 1 1 1 1 1  - l ’ h t i m,i_ i s  set c v i i ’  - m m - c - - c ’  n u n  I m m  l’ c _ u n i e — t i m c n m  m , s m m c m l  ( ‘ i m i i u i ) l e ’ l c  - -

1. I - I . 1. 1 h l m t i ’ ~~~i , , u m u u h  P ro~~m - n e u m u

1. 1 , 2 . : . I ) i  i~~m tmi i / - ml i c m m i  — I ; mm c - hg u ’ ’ ‘ em u i - h  in -  j um i t  iz . t l  lv m i l l  c ’ t ’ n ’ c h  l i - u m u m  I m e ’  c ’ c m u n m  pu I i - u ’

n - n n - u - I .  I t  ‘ 
- ( c c c  m i s U fi n - si I ju l ie - imi j t ial j /m ml m u m  l , ull cu ee c- c_ I ic y e ’ eunn n uuie ’ mm i m m m t m m e l i i a t  iou m emme l

( l i t - m m  m I m I - u - n- t I m - u m i m u - n i t a l  h m m t c - L g m ’ i m u u n n m l  i m p. ‘Flu- l m m u m - k g numi _ m u u c l  I m m e m l u  is m’—mc’c’c _ ule’ m I oti u, i ’ t ic -u-

n - f  - i ’ i - i rmil .  ,\ I ’ t c ’  u - i ’ m ~I ui1f luO i  i c _ m i t  i n t l i  i n t l  i c , m u  i n -  c - o n u u j u l n ’ I c - u I t h e -  j u it u - u ’ n ’iu l ul s mum - i’ ,-tn m tlule’ u I cc hi _ lu

m u l l m i v e  s ( h a -  0 I h i  / i m u t u ’  m ’ n ’ m u l ) l  I , ’  me i t  m m m l i  - I b m i -  1 m m — I  c - v e in ’ . I ‘e ’n m unu mn ’ n i iumi l imi t m / m ii i n - in - i i n -  i~e - —

m ’ m m t , - n , - c h  ce h m i - m u  I m ’ , i u m ’ - l , - u ’ m ’ m i , g  I ’ ,  i ’ i l h i i ’ r  I I , , -  m m iv u g m u l m o m u  i c r  m m i i  , l , m l m m  c - i - i l l , - ,  I i o t i  l cc ’ d m m i ’ ;tt m u

11mm mu I% .m I i  - :‘-
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‘lIme’ nin a i on’ tu uu c - t  ions per b r u it- cl  iii background j o e -  lude ’ d a t a  p r o c e s s i n g  for
e -o mu l u - c - i l  c i i  sp lay ’ pa ne ’ l , s e h e c l u l i  mug o I p r i n t  i-u ’ l i s t s , BI ’t ’E ( -s t ing ,  and bmu ek g i ’ound
te)mu’mpc _ I ( mit ions Ic mm ’ nmm \’ , si mm rt , mm cl m u  hm m t mi c _ c u t  i t( t ion p u o g n m u  iii m m m o ( h u l c s . h l m m r k g r o u n c _ I
mi t t - t i m sclic ’clule’s (hue- Si u m m c _ m l m m t  or ’ p u - ogm ’m m n m  yy ’tmc ’n iii l ime- s i n u u l m m t i un uuu o ( ic  (nu n c xt e ’r u im u I
in t t ’ m ’ i ’ c_ upt s) .

‘ i ’ hu c _ -  ( ‘ I)  U u h i s l ) l m m v  jure m y ’ ic _ l e -n - the (1m m ta sIueI C i f i c - i l  by the c_ h at a se- I c -c t  see -i tch ce’hien in
m m! igm i m um ’ im a v ’ i gmm ( c -  f l mi ) c _ h c- 5 . In m u l l  o ther  modes tm - n i t u c r m m t u  i’C , gmn ~~, and ro tc _ mr  spe ed is
oc,m tl)tmt oil (hue ’ ( I i s I m i m m v .  l’ab l c _ -  29 give- s the -orrespondencc be e v tu ( ’ c _ d data disp layed and
(I~i (mu sc-I c _ ’ ( ’ I  1u i ) s i t i ( uu i . \Vh er n ‘‘ P 1e55 to test ’  is on mull  l i gh ts  on the ( ‘ I ) t ’  m i n t ’  l i t .  If
‘‘ p r e ss  I c - i I c - s t ’ is c m i  w iuj ie ’  the hold switelu is on , all BIT I - s  mure c-leam ’eel . Eight words
mi c _ c (u e u t t d (u t on thu t - h i IT i- (I isplav.  ‘l’lme BITE display is sequenced 1)’~’ I >i ’ t’SSi ng the
‘‘ press 1c m test switclu . ‘‘ i f  any  BIT E is sc- I , the j lJ ’l’ l- l1a~ is la t e - lu - i l  cut . I f all BITE’ s
m u c _ e  z e m ’u m t h e  BIT l- Ii m ig  is I m e t ch e d  oft ’. Keyboard i npu t s  au -c- c h u t e -  n ’ u u m i n - c h  by posi t ion of
the ’ ( I m i t mu  se - Ic _ - c t  s w i t c h  and th e ’ fi i st BUt )  charm ect er  of the input  ‘, vcmrd . I ,at i tu de . long i—
tn_ ide . h e -mu eh in g .  m in d a l t  i t u eh e ’ n i l - c -  i npu t  . ,-\ Isec pr o grmu n u C o f l u f l im i f l (hS  mi i ’ i- (‘uit et’C (I when the
ehm e tm i se-li _ -c t syvmtc -h is m u ‘el( i I )I ST,-\ ’r[S p OSit i (u f l .

i’he plogn’mm mum (‘On) num m in (hs arc ’ g’i y e n  iii ‘l’ahle s 2~ m c _ i m c h 26 . SImm rt mimode c-nm —

uuime nd s a mc- pry f ixc ’c_ i by 5, Nm iv u’ u m o c_ k - eomu u nuuands hi re pi’e fixed by N , and p r in ter  c-onm —

n m ’u m u nd s  a rc’ pr c- b mxe ’ ( l  h~’ E . S’tmm rt nuode (-(uuiu uuum inds initi ali ic tIme’ mimode ‘ve t ri_I, ‘t ’ C I. ‘I’ll
c- mi tU ( ’M m ere gi v e-n m i  I’ ti i ) I ( ’  25 . ‘l’hic ’ uiu ode n - (mu ( c_ ms (hi splay’ is a compacted ce-ord d ef i n ing
pu-og ’u’anu n u m eud e .  ‘I ’Iu - d isplay c-ode is de l’ine i l  in Tab le 0( 1 - I)i se ret e and m t  e ’rrupt
m u s n - i g’fl u i u e - f l t  s a n- c- (lefine’(I in ‘Fab le-s I I — I n - . I l m m e - k g m o u n c _ h  PC ’ i-form s those ’ Ill ’I E test s not
pc r l om - n m m e ( I  c ’ Isc _ -cc _ ’ iu e n - c ’ in th e  program. J3 a c ’k gi’ounrb dc _ - t a i l ed  l’l oy’, d in  ri ~s m u n c h  ( l y f i f l i (  ion

mf a l l  I l l - I -F :  I e n - I  n- mere ’  pn ’c ’sented i n App ( ’iudix I I .

2. - 1. 1. 2. 1. 2 (‘ omui put a t i ons .  ‘l’hi_- nac-iga tion I )ack groun(l computes  vc ’loc’ itv change ’
mmiagni tude’ o\-c’r 1 se-c- in tervals .  ‘I’hc’ v’milue of grm uv ilv is conipu Lcd based on alti tude and
e ’m urthu e-liptici t .  ~-\ L P I I A , the e’loekvvi sc- ang le’ fro m the ‘‘ pla tfom ’n i ’’ a x s  (defined by soft—
v e m u r t ’  only ) to the- true nor th , is Compu tc- (h in back ground c_luring milignmiu-nt only. ‘l’his is
used to pm ’ovid( ’ an az imuth  response d isp lay  do r ing  mil i gnmc-nt  and has no in u p a ct on tim e-
nmm v i g m l t i ( u f l  f unc t ion .

In the c _ m u  I i bu ’ m i te m d m m t a  - e u l l e - c _ - l i o n  nui cm c I t ’ , time d enmo ei  c o n t r o l  n -out j ul y c m a u u u i c u t  c_ us e ’

x ~ 2 as t h e  - 1 m l umu n - c - i’ m - I  e nuum m e e t  c e - m t  m c i  i) c _iCh t c _ m n - c’ ‘1 1 mun c h ‘12 u m mmm y ’ be’ ccii j au nt u’ . A

~ c _ mmin - i i u u m - r t i a t  u - c - t e - u ’ ( ’ u m ( ’ e -  s c _ i t  11
~ m - HQ~. ~u ~) is c - m m m l ) c _ m t m m - c _ h  tm - i  j m n — c e v i d i _ u ( lii- phase m’ e ’ l ’c ’ nu _ I muc t

cc but- re t

l”
~ m ~ j \ (

~)/~
, N (
~
)

B - HQ. x
1 1

II  ‘mn j is  u m i m i  v ’ - m ’ v -  t I c _ m n - c -  1 c m  t h c -  -, m m x i — .  I I  “y~ is v- d ry -  c ’ l c m s e -  t o the -  i m u x i s  mini m m l m i u r t m m u t c -
‘ ‘qu i t j enu j u ~ ti n - u - e l

1:1 1
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J - ,- \ IU , 1-~ 27. I~ I nN ’I ’J - : n (‘ON ’I ’HOl.
(( ‘1)1 I),-\ t’A ~—hI- : I j-:(’’F ~loI,I-: S’I’,\Tt’S)

(, ‘ i ) t ’
I— ~e -vho a i’d

l’ r’ iumI  i - I ’  (‘o n i n n a n c h  Inpu t  Note -s

I~ m ’ i t m t  I ~ap I m n - i t - 0000() I , \ u t o t u m a t  k-ally pri im t e’ c_ h in S’F~-~ RT c-v - c’ my ’ :11) sc-c -
- 

i a S’F U V u ‘y try 1 1) nu in

Pn imu t .\ligum list l- 000002 ,~ u t c _ m rn m u t i c - a l l y  p m i n u t e ’ c _ h  imu ,\ i,IGN ev e ry 2 nu imm

I’  m - i m m t  \ n u v  l i s t  hM000 01 .\ c_mtorn atie al Iv prm ntc-cl iii N~\ V -v’ ery’ ~ nu hi m

P m~im it  1111 ’  1- . l i s t  h -M0000-l , A u t o u u u a t i e - a l  ly ’ pm’imu t~-~h m e f t e - r  i l i ’i ’i -  I’ai lu i-e

I’  m’ ium l  R o t em n ’ c-b arge’  list P ()1)111)(1,’ , \ c _ m t o n u a t  k-ally p n i m i ( e - c h  ~ef tc ’ m -  c h a r g e -  nuommit o  r

l ’ t -uu u p e -  r met c m cc- l i s t  I- : 000006

‘I ’ ;\ iiu-: 25. STA in’ ~~oi i- : co~ I~~l 1\N 1 S

Mc_)d (- N un mlu -r  (T( ’I) I )t sc r i t ) t i omu

() ,~ h)o nt c-u i- i - c-nt S’h A Iii’ nmcm th e-
- 

- 1 Sc-ste - ui chu ck s
2 Z to il hue-at
I Suspend
-l (‘hmau’g e’ u u m o u u i b u r

) S c _ m s p e u m c h c - d  ‘I. coil hue-at
6 1 nyc- h m - e - que nu c-y cie~ meuss

“. Sp ium ~~~~~~~~ I
n- I ) mt liii) gv n c u  1
p 1- ’inal  sp imi gv r eu I (N ~-\

- H) S l u m gy m ’ mm 2
I I  l ) m i n u p  gv m u m  2
12 I- ’ in m e l sp u n ge n - tm 2
II  I ’ e - m i i p e - m - m t t u u - e- s t m e h m i l i  / n t l  i c u m
I- I  I h ig h l m ’ (-c h u c ’nue - c’  m I e ’ gne e mss
I ‘

~ S(m imm uih v
I ;  ~c IUiic _ i U I c -huam - g e r u m o n u i t o
17 l ) e se m s l ) c mmdl
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(‘l)U l )\ ’l ’:\
5I-~ t l - ~(

’’I’ Svc i tch 1,c’ft I ) i s l e h miv - B i g h t I ) i s ç m l m m v -

I,,-\’l’. l~ ~‘c ; 1 , m u t i t mi m hi- ch eg. tii hi1 L m m nmg i t e i e le t  e l e - g .  n u m i w

1 5 . h l t ) (  ; Gy m —cm 1 c ’muse- te-n ui l u c l” Il e -m m mh im m g I c _ le g. nm i mu~

\ . \ I- . I , ,  \ I _ I ’  ( ; v - m ’c n 2 c m i — ’ ’  t e n _ n ip  h - u  - \ t t i t u m c h e  f t

N S \ ‘ t-~t . . I-~’ \\ ’ \ ‘ i - i .  Gy ’r cn  I gap fu n)  Gy m —tm 2 gap m ~, miu m u

I c l ’ l ’ L I I . h~~ U , I ,  Gy ro 1 dc nmc _ uc l  ft -eq I h i .  G y ’ r m m  2 dc-um mc ud  fr u u q h I i .u

i i )  h - S t A t  ( 5  Mod e il i ’I ’ i-

l ’ l ’l ’( ’  h i , l~ , m i t ,  ( ‘h m e - e - k poii m l l a t h  t u c _ l i -  ( ‘h e -ch po i n t  I tn ug i ( mi d t -
N\\’ ‘c i) )I )l- u

‘F A I I I , l - ;  30. (‘1) 1 ’ \ I (  )DF: S’I’Ai’t’S l)IS1~LAY

l ) i sp l m i v  ~u Ic u m h e

S m m u u m u u i m c  S t m u  r t  i d l e  nu t sk -

5 m m c i u l h~ I’ S t m i r t  n m i m t h e ’  m m m i . 1’~l’~

S\ Z u u h — l’,. S t m t r t  e l a m u m h m  m m m t m i h e -  ( I I  l—J\ us , 1 1 :  ‘1’ = Il - ’,\ M  , v. N M I N

m i c e  m c m l )  N mm v s i m m  nmh l m v -

\u i u uiu u I St m e m ’ c - c l  htm mmh i im g m m!

NI m d l i  im 2 ( 
~c- n— cc e- m m nu l mmu ss mm I i g m m

N u m m u m u l u l  \ m m v i g m u t i o u

‘, xcc y y ’ ( ‘ n i l  l ) m m t m m  ( ‘ oI l c c l i c m m m  - c - n i h  u’ h : n t m m  c ’ t m h l c - c i i c n m
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Fhe re Ic 1’( fl( ’c s t i  I s  Up ( fa t  ~~ in t he cal ( kI t  a (‘01 fee t  ion program w hen e v e r  th e I a1 ) le Is
t L i i’flc( I

2 . !. 1 . 2. I ~\ 1aj oi ’  Su l ) rou t in cs .  ‘t he t h t ’ee ma ior  subro u t ines  ‘a f led  by the
fa st eve Ic ex e c u t i v e  are S’l’A I (T , CA I ~, and NA\ ’ .

2. ! . 1. 2. I . 1 STAR T . During fi rst — t i m e  in i t ia l izat ion , background sets up for
he st rt mode. When the in te r rupt s are efla l) led , the S’I ’A WI ’ i’oiit 1 ne is ente red.
I h e  SU I )—m ode  ot ~~l ’AR ’t ’ is ( I etermi fl ed lw the va r iable T CI . Table 2 ~ l ists  these

mo( k ’s .  I f au toma t i c  seqUencing is selected , Si’Alfl ’ w i l l  sequ ence through mOdeS I
t o  1 ~~ . In the ii ianua l inode , ‘ I C  I is  ent ered on the C 1)V , acco rding to ‘Fabl e 2~~.1)etai led flow (‘ha rt s of a l l  S’I ’AR ’l ’ routines are pr esent c(1 in Appendix I .

l a s t  warm up h e a te r  cont r () I is ope rated continuous lv in all  SE A H’!’ modes , in
subrout ine  W1 {M [‘P. Ph~tse lO cke (l demod frequenc y cont rol routines NOS PN and
DESIR ar e scheduled as requi red in each mode . ‘Fable 19 list s the use s for ( femod
freq u er ì cv and i t s  source for all  S’I ’AR T modes.

Spi n \lotor C ont i’ol elect ronic s ( 5 \ IC are usc(l to generate both motor  current s
i nd ‘l’L ) signals . ‘I ’he modes are cont roll ed 1w ( Ii  Sc rete output s. It is  important  to
ha \‘e S \lC outputs i.e ro (A B S 0)  I e tor e and at least I /11-I see a f t e r  changing
s t a t ( s  on the fol lowing di scret e s .

51) 0 1 ~ Spi n niotol’ pov~ ci’ amp on off

\1 1)002 Heat mo ( I ( ’

‘1 1)000 Spin nmtor  power a i i i ~~ gVi’o select .

It is  also neeessa rv to set the heat mode discrete  ( \ 1  1)002) pr ior  to setting spin
motor power amp  enable (51)0 1 ~) in order to avoid latching the long shutdown mode.
l ’hese sequen cing requi renient s are implem ented in the ‘ front end ” or dr iver  sect ion

ol ST A H l ’  prior to jumping to a mode—s ervicing subrout ine.

2. 1 . 1 . 2. 1 . 2 Calibration l)at a Collect. Cal data collection is ent c red Irom the
na vi gat (‘ rn ode I w a corn mand through th e cont rol /d i splay panel keyboard. Once in
th e calibrat e mode , the program ~vi 11 r emain in that  mode until  com man(led out 1w
anot her (‘ont rol (Ii sp la y pan el keyboa r (I ent I’V .

- ~~~—-—-



‘l’A uI ] ; 39. DF :Mol ) l ’ u l ; Q1 ’ 1~:NCY I S A~ I

I )emod l~’r( ’quen cv SM ( ‘ F’re quem ’v In i t i a l  l/ e

~l sic (‘out m l  Source SourCe P 1, 1 )(‘ R outin e

7. coi l heat  Cons tan t  ( i v ro  I No

‘t (Ieg a ( I S  s ( ‘ I n s t a nt  ( vr o I No

( ‘ha rgt ’ \1 I f l i  tor  ( ‘ons ta ni t Other  gyro

Ser vo ‘l est ( ‘ onstant  Sn me gvr ~ No

~i a ii

SlK’ed I )et ect ‘(lo(le Speed detect routine Other gyro No

Speed A djus t  Mode 1 ’ l , 1 )(  ‘ ‘ routin e Sa me gyro ‘ es

I )a mp P 1])( ’ rou tine Sn me gyro NI )

‘l ’ em p er atu r e  P L I )( ’  routine Same gyro Yes
St ah il i y a t i o n

F inal  I )egauss P L I ) C r outine Same gyro No

Pl , l ) ( ’  = l~has’’ I , oc’ked l)emod (‘ ontrol

‘l’he ( k it  a (‘01 l( ’( ’t ion P t’ogram is in an i (I l& ’ mo(le unti l  inst ruct ions a me re (’e i veIl
f rom the II  P compute r .  I’he request (‘ (I data is (‘of lect ed and output to the  II  P corn —

put e r. ‘I ’ he p i’( g ra il) t hen ret u m s  to 1 ( 1 Ic Wa it ing for anot hi’ r inst ruet ion . ‘l’ he (fat a
(‘0! h ’ct ion  pro gram can (‘01 lect cit her  raw data  fi’oiit gy ros and F: M A s or cal ibra t ion
data from gv ros and or F: MA s.  Raw data is sampled and t r ansmi t t e d  f I  sec.
Both gv i~(> and F MA ‘(lat a f l ay  he collected s imul t aneous ly .  I)eta i led (‘A L progra m
flow char t  s a m e  presented in Appendix .1

The ca libration data collection may consist of several calibration “data points ”
(N(;P = numbe r of gy ro data poi nts , NE! ’ = number of EM A data point s , NES = number
of seconds of ]’: MA data per EM A data po int) . Each data point is the result of a least
squa res fit to a specifi ed number of instantaneou s data samp les (N GS = number of 64 liz
gyro data samples per gyro data point , the product NES S 64 ~ nu mber of 64 lIz EMA data
samp les per I ’:MA data point). The data collection p rog ra m only pe rforms the summati ons
for the least squares solution . The final solution involv ing a matrix inverse is left to the
l I P  computer . Data collection is completely specified by 4 numbers input from the l I P
comput er; N ; p , N E P , NG S , NF ;S. R aw data collection is specified by N G P negative and
NF: l~-=o. The numb er of raw data sampl es is —N G P.
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l’;a ( ’h da ta  point  is o u tp ut as it  is ( ‘Onlp let e d. ‘l’Iw output (lata is bu f fe red  S’I t ha t
the  p t’ ~gra  1)1 ma y i mflle I ia ( e ly  I)egiu coil ecting more data before th e old data is ou t 1) U t

‘I ’hc ou tpu t  data  b locks  a me raw . gvrol . gvro2 , E MA . and Ul’l’E. Only one t ia ta  block
is  output  t fu  min ~, / ~‘l set ’ j u t e  rval  . Output of the entire d;i ta block must he (~~fllp l(~tet I
w i t h i n  I ~‘t 5f .’(’ If it is i’iot complete (l, the  entire da ta  block w i l l  be retrans fl h i t te ( I  on
the  fR’\t I , h i  S( ’( ’ . l ’a i l t i r t ’  to  i ’unl J ) I ( ’t ( ’  data l)loi~k transfl)issiofl wil l  CaUS(’ a Bl ’l ’l ’ to
he ~~‘t . ‘l’he Bl ’l’ F data block wi l l  he t r a n s m i t t e d  whencvcr a Rl’l’E is set. ‘l’ he f i r s t
t i  i ’t’(’ \Vol ’( IS  o f  e \ t ’ (‘V th i t i b lock output  to  th e  l I P  w i l l  conta in :

~Vord No . I — ( ‘heck s u m ;

\Vo rt l No . 2 lengt ii of data  b lock;

\~ ord No . :t — da ta  l ) lf l ( ’k ilatilt’ .

( vro ca l ib ra t ion  data collection consists of a least squa res anal ysis to determine sin
and cos of s11 t f requenc y am I I ) ( ‘  a mj~I it u des of the Mt  ‘M (Ia t~t a, ~ vectors .  ‘I ’he
S( > l t l t i O I l  iS

/N ;s fxG s \ 1xc;s \ ~ GS

I
\ 

( 05 8 )  C OSE) . sin e .
,) 

(
~ >~ cose) I) .

~ GS N( ; s

= (\ cos 8. ~ (i~ 1 
s in 2

e. ) ( sine) I ) . s inO . (1)

/ \ ( ;~ \ /\ ;S \
I ) (  i n ~~l i t u k’ “S cos

O) 
\ sinO.) ( “\ 1) .

where D1 a or (~ from gyro I or 2 and C~ is the demod phase slip angle. O~ is
computed from demod frequ ency control referenc e phase , SL , and frequency cont rol
r esidual , DM RO,

U SI ~ (DM RO ) ( I  ( I see). (2)

Un iv  h(’ eight sun i rna tion s in Equation I ) a re computed in I he data  ( ‘ollect ion program.
on I ]  is sol ~‘cd in the l I P  co rn pute r.

P ‘ita col l t ’ct io n I nI cnn Is th e table may be turned. ‘I’he demod (‘ont rol r e fe r—
( ‘ in  “, H1, is  ease fixed (luring data collection. When the ta b le is turned H~
anti ‘

~ 
Ii iv ht ’coiiit ’ nonortho gona I . There for e , Hj is upd ated between data collect iOfl

Intervals If th e magnitud e s of the following dot produ cts exceed the given limits:

R 1 .V. 
~

> sin :;~
or

RQ 1 > sin ~°
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‘J ’he 11 1) 1 Ia Ic is

HQ . ‘
~~. x H .

1 1 1

U .  UQ . x \ . / J U Q .  x

F MA cal ihr:i lion con s is t s  of a fl4 point  least squa i’ i ‘s ann  lvs  is to ( le te  m m m c the slope of
th e a ccumula t ed  F MA pul Sc counts. ‘I ’he so lu t ion  in pul s~’~ 5( ’C is

H ( N - l i  
[~~ 

(211 - N - I P
)] 

D Vo (64 see~ (3)

where N 64

(n ) (  XI S)

Ii 
- - I)V P( i) — I)V O) (4 )

and l ) V P ( i  is the pulse count measured on the ~
th fas t cycle

D\ ’O 3 12  l I U lSUS [20000] tru ne atc~i (5)

( ) n l ”  th e sur rm n tion s of E qt m tion s (3) and (4) “ re compute d in the data collection program.
Equation :~ is solved in the l I P  compute r.

2 . -I . 1 . 2. I . :1 Align afl ( i Navigate .  ‘I ’ he NA~ ’ program has three  basic subrn ode s:
Standb y , Align , anti Navigate .  ‘I ’he Align mode (‘an be ei ther  gy rocompass (no rmal)
or stored heading (optional by manua l cO m mafl ( I ) .  ‘l’he NA\ ’ standby mode is norma lly
vn te r c ’iI a uto rn ati ca ll~’ w hen the ofl e— Se( ’O fld I )aek gr oUnd 1oop has detected coniplet ion
of th e auton iati  c s tar tup seI luen c~’ t hrough th (’ S’l’A WI ’ stand b y niode ( ‘I’C [ I 5 ) .
Background then transfers cont rol to a mode i n i t i a l i z a t i o n  sect ion , where the  p r i m ar y
iii ode flag S’I ’ N V is set negat ive.  Af t e r  five seconds in NA \ ‘ sta n(Ib y , th e program wi l l
automatical l y enter th e selected align mode. i’hen , a f t e r  comp leting the a lignn ieflt ,
the program wi l l  sequence int o the free i n e r t i a l  naviga te  fl ode. ‘l’he oper a tor can
(‘xc ’r cise cont rol over mode switching accordin g to the inforn ~i tion in ‘Fable 25 .
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On e compl et c cycle through t h e  N ‘c\ ’ calcul a tions requires eight fast cycles or
sec. ‘l’he funct i on s to  he perf ormed are ( I iv i ( I e ( I  among eight sub r outines or ‘‘ slow

c cles ’’ , ~ hic h a rc executed sequent h illy and then repe a l. ‘I ’hc a ssignmen t o f  functions
to slow cycles and the relative Ii  flu ng are  shown in l”i gu re 71. I ) e tai l c d NA\ ’  program
110W c’harts arc presented in Appendix N .

2 . 1 .  1. 2. 5 S i m u l a t o r .  ‘l’he s imu la to r  is scheduled by Background whenever the
flag SBI I ’ I ,  is  set non—zer o , It get ier a tes s imu la t ed  data for gyro angle rc a (I out , l~:MA ,
gaps and temperatures, afl ( I RU rotation. It accept s spin motor comni ;in ds to damp,
spin , j)roecs 5 , or heat the rot or. It nec el)t 5 clem 0(1 frequenc y conu mand s and simulates
the Ml ’ M d emodu l:i t oms .  It a lso accept s temperature cont rol and l . \ t ’  rotat ion commands.
I )eta iled flow chart s of t he  simulator ire inclu ded in ,-~ppe n ( I i x  L .

‘l’hc simulator is in i t ia l i zed  in background. ‘I ’here are two primary modes —

nn\’ iga t i Ofl mo~ Ic and ‘41 art mode. Thy st a rt niode simulates poihode moti~~ and
accept s spin moto r  commands. The navigation mode moves the spin vector on the
case at earth rate. Start mode is comman (led liv flag S’l ’N\ ’ = positive number (non-
zero ). Charge nuo nitor is s imulated for both a spinning and non—s pinning gyro.

‘l’he i : MA s a me s iniulated as :i c o n s t a n t  pulse rate . ‘l’ he ou tpu t  pulse count is
runcated to a I) int eg(’ m num ber of I nt l  ses and (he fractiona l pu t se is accumula ted .

Durin g p r ( ’cowute r BI ’l ’E t (’st a fixed pulse rate is put out (4 1) K 11z

The s i m u l a t o r  holds an in e rt ial , non—rotating a and p vector for each gyro
A 1,SIM 1 a nd B’I ’SL\ l~ * Th e vectors  are expressed in earth—fixed (body) coord inates.

I )u ring nav iga t i on  the inc i’t ia l a, ~3 vec t ors  a me up da teti at  en rth rate.

‘ I dt A l , S l \ l , A I ~SIM.  x
1 1

tI . it fl’I ’SI ~l . B’I ’Sl\l  , x ~2
1 1

where t~ is the ea rth rate vector. The update is perf ormed 16/ sec. 1)uring sta rt the
i n e r t i a l  o , (I vectors i re  computed from the spin vector , WS.,

,-\ I ,S IM .  I) ‘~ WS,
i I

B I S I M .  \VS . \ A I S I M ,
I i I

: t f l ( i  )) t ) t h A I .S l \ l ~ ;in ’i l t l S I \ l ~ :1 re rnt rn ia Ii ‘it ’d. ‘l’hi s pr c( ’lu (les spinning up t h e  si nuu la tor
on the ‘I. a i s  due to the si ngt i Li n t v .

1~19
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I MOD 7 MOD 0 MOD 1 MOD 2 MOD 3 MOD 4 MOD 5 MOO 6 MOO 7
SLOW CYCLE

MOO D IROUTINE NAME

VSPIN ATUDE DRIFT SNUP NAVCM ANGC ANGC GMM3
ROUTINES SPTNV GYRO 1 (A LIGN) (GYRO 1) (GYRO 2)

VCON GYRO 2 (NAVIN)

0

z I- Z Z
0 02 0

I- Ui I-. 0 <‘4 Q~ (/7
‘4 (/7 LU 2 Z Zu8 o z

a. a.FUNCTION — 

LU

LU

~~ UJ U~ 0 D (1) 4 ~~~~~ 8
~ a. ..j LU LU 0

a. 0 I 
~3 2 ~ a. -i -‘ a.— U.

(1)> 4 3 ~ 8 2  ~~~ Z Z iii
‘4 ‘4 0

CHARGE MONITOR

I 

-

GM
ATTITUDE VALID
VALID

VELOCITY POSTION
VALID VALID

Fi. I
VELOCITY INTEGRATION

l”igure 71. N ” tV Program Timing
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‘l’h~,’ ~l I’M dt’modula (or ~— i n i i i la ( or  u I s I a t ( s  the  tk ’nio d s l i p aug h ’ . P1 I~, I / s I t ’

P11 I ’ l l  ‘ iS ! ’  — I ) M (  ( I ) , )
1 1) 1( 1

wher e  ,,~ t = 1/ 6 ’ !  sec . SI ’~ i gvl’O s j ) eL ’( I . an ( I  l ) \ l O I )~ ( 11 ( 1 ~ ( ‘Omfl i a f l ( I ( ’ ( l  dem s 1

fi’equencv 1 64 sec before. ‘l’hc frequency eh:i raetc ri sties If the Ic mod r~’ si m ii la t I ll
by the a nip ! it u (k ’  func t ion

(3 2 i i ’,r(,:i i n ,) ‘ ‘5’

~:~2 l I z t  ‘

where is s l ip  f requency .  If

~2 l l z i  ‘ > 2 ( 2 6 0 1 . 1 6  I l z )

then

~32 liz)(.a in  —
~ —

—

2 ‘ (2604 . 16 }l z )

‘l’he a , V, vectors (AL’ ., WI” .) in earth fixed coordiiuates arc

A L . ’ (G a in I ( M i ’ M , J t  \1, S I M .  ens P 11. l3’l ’SlM , sin P1l ,t
1 1 1 1 1 1 1

WI ’ . ’ ( ( I in. 1 ”I l l ’ M , ( ( — .\ l.S I.\l , s in P11 . ‘ U’l’SIM , cos P1 1 .t
1 1 1 1 1 1 1

where Ml ’M~ is \ l t ~ \l amplit ude. MI ’  \l amplitude will var y when polhode motion is
simulated and will be constant in n avig a tion.

‘I’hc outpu t a , p vectors (AL 1, B’l’~) arc obtained from (Al ~~, IU I ’ ) by t r a nsforn i ing
first through the I AI ’ rotation angle EN , then through a const ant I A I ’  pl a tform-to—g y ro
transformation I C EU 1.  Finally, a simulate d l) C—offset term DC I l l s  added to the
vectors in gyro coordinates.
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( ‘05 l ’ \) S I l l  ) I ’ ; ’\ )

\ l~. ( ‘ t - ( j  ~~~~~~~~ 1 ’ \ i  ‘ os 1 l ’ N )  ( I \ l .~ -

I I  I I I

(‘05 I : \ (  s i l l  ( I:N I

P 1 . ( ‘ I ( l  -~~ii i  I~~~) ( ° 5 ( l ’ : N i  U ~ ‘l’ . I ) ( ’ I l

I I  I

( h - I ‘
~~ l n o n l T r n i : i v  h ’  ~i n i t i l a t e d  w i t h  a ‘ I ’ I )  i n p u t  liv setting the  a p p r o p r i a te

h s t ’ i ’ , ’ t t ’  ( I c I t I I U t  h i t s .  ( )Ti I \  1 H tt  ( ‘cUte ) ’  1 ‘ 11 ) is s i m u l a t e d .  ‘l’he ‘ U I )  si gna l is

~z ’;l ’ m a t l ( I  from the othc ’r  g~ i’ ( I l nlo (I f r eq i i en c ’v .  The c h a r g e  m o n i t or  ‘‘ M I ’ M  s igna l ’ ’
is ~, - n c ’ m a t l ’ I 1 ‘~~ i t h  t h t ’  M U M  d c ’m o lh u l a t u r  s i m u la t or  using h u e  other gyro (iemod
t r ( ’ q l . I ( ’ a c ’ v  i i i  p l a c ’ t ’  ot r o to r  S I l ( ’ c ’ ( I . ‘l ’h c ’r efore , t he  ~iifft’r&’ncc’ in the two demod
I i ’ (j i l l ’ I l ( ’ i l ’ ~— is  t h e  ~— I i I I  f r e q u en cy .  ‘I ’h c ’ ‘‘M t ’M signal ’ ’  out p u t is sea led  liv the  s i m u —
In h’ I c ha i’ i~ ‘ t in t h e  r o to r .

‘h a i’i~ rn iii toe max ’ he si 111111:1 te i I n i th a sp inn ing  rotor by not conu nua nd ing  ‘I’ I
i n 1t i 1 _ .  The I I t ern ; ,  I \1I \l si gna l  is tis ‘1 wi th  th e following modifications:

N and ‘i ’ c h a n n e l  s i gna Is a me in terchanged :

2.  Z c h a n n e l  s ignal  is zero:

\ II s i gna l  s are s c a  led liv the  s imula ted  charge on the  rotor .

‘rnpcr at  ci r i ’s  and gaps a mc’ outpu t .  ‘l’hese a r~’ both corrupted by ground voltage .
\ I ) . ~I I ’ ) ‘~ c~’ rnl u i t  i ’tl using en 51’ coeffic ’ ient of expansion . ‘l’X I’S , en se t em l) er ature

‘1’ F; M P~ , 111 (l rot or t empera tu re  TROT , :

S\IP;\  P = ( ‘l ’XP S) ( ’l I ’M P ~) ‘I’ fl(YI’ . G N I )

‘l’he output  ga’) reading is t ime sha red between the two gyros.
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I i i  t he  st ;i rt mode the  gvi ’o siiuiiil:i ti on I~~ ’a m( ’t ( ’rs’ are  rotor  sp in v e c t o r 10 (‘a sc
‘ooi’ d i n ; i i i ’ s . \\ Sj. and  ro tor  sp in vec to r  d i r e c t i o n  c ’u S in c s . in rotor coordinates . \\A 1.
\\I tj. \V(’

~. ‘l’Ii e lengt h of ~~~~~~~ is  ro tor  speed , SP1. \ e ( ’t ( l r  \\Ai . \~‘U~, \ V (’ i t ha s u n i t
length ~ it lu  c ’ onh l , l nc n t s  along the rotor A . B. and (‘ p r i n c i ple ax es , i’e sl lc ’ c t i v c lv .
Axis \ has  m a x i m u m  mi mt ’nt  of inert in and ( ‘ has  m i n i  ro u nu nuorne,nt of in e rt in . I”
a n l l n — ~— } i i n u i n g  rot or \ \ S~ ( I , how e v e r . \VA

~
, \\‘R 1, \V(’i a re al r ea dv  i n i t i a l i z e d .

Iii the spin 1111)111’

i~ I .. I I ’, S( ’( ’I  I ,-\ S x I~Si( It  1

ii he i.e the  m a x i m u m  lengt h of sp iti nu ol o r (‘On) ma lId vectors A S and BS are un i t s ’ . I low—
& ‘V e r . nuaxinuunu cu m r e n t  input is ha If  a nup l itude -\ S and RS.

‘t he po 1 hode in ot ion cqua ti  o is a mc

~~~~~~ 
!~~~

‘ 

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

‘ 

A”

~~ 
_ _ (.f.~ !’) \\‘~~. \VA ~B

— ~~i~i ~~~~ ‘
~~~ 

‘ Q~. (‘

wlic i c  Q~~. (h .)  is th e app lied torque vector , (\V \ ,  \V ~~, \V(~) is the Spiti vec tor
i U t’oto 1’ ( ‘00 i’di na to ’s  and \, i t , ( ‘  a i c  p ri i ic ip le m o m e n t s  o~ I iic rh a l. Normal i ‘ii ug t he
s p i n  vector:

/“.
~\ 

/“A\

~~I t ~~~ 
) ~~

\\v( ./ \\v (./

gives  a n unforced eqlia tion of rnot ion

1< \V \\‘
,\ (‘  i t

K W \VI’ B ( ‘  ,\

-
~ K~ ~\;~ ~
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\~

I\~ S I ’

K~. ~~.!.i!

~~~~~~~ ‘“iT” ’ — I ’~., — l\ ~ .

s l l l ( ’ t ’ .-\ -~ I t  ( ‘
.

l” or ( ‘ fa nu i l v  pi i lhot lc ’  mot ion

fi~
_ c A- it

‘
~~~ ,\ (‘ V I~ .

and  for  A fa n u i l v  po lhodc ’ mot ion

F~1 >v
~~.

I” oi’ (‘ f : i n u i l ~’ pol luo le n iot ion  the  equa t ion  c a n  be I inea r iz ( ’d

— S
\ ~

k 1~/ M

~

- (
‘\

C )  ~~~~~~~~~~~~~~~ 2 
- 

2

‘,‘, I1 ( ’i ’( ’

S\ K fl ‘&~ ..~ t

K1~ 
\V (~ ~M

%% ‘ hi C’h has a ~- ‘ ‘und ol” Ic i’ solut ion

\\ \ ~~ 
‘ i”~\ ~~~~ ‘ I 2 ,.~t)
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I~ ~
“R i \ \ ~~ ‘ 1 ,2  \~~ ~~) )

l hi i  s o l u t i o n  I to ’  .\ I ; i r n i l v  polbode motion is h k ’ i i t i c ’ ; t l  w i t h  the i’oli ’s of A and (‘ nsa’s
in i t ’  ‘ ( - I l ; )  ngt ’i I:

\Il’M v e c t o r  is the  component of pcndu lositv v ’ ’I~~I’ . I ’ \p~ ’ - PA , P I t , l ’( th at is
tii’l htigon :iI to sp in vector , ~~. \ l l ( ’  W.\ . \ ‘ I ~. \ \ ( . MUM quadra ture vector is

~~~ ‘ \I t(’ ~

and MI’M i s

~

\1 I ‘\ l  n i a g n i t u t l c  i s

I ) a mp ing t ot ’quc ’  is app li ed w i t h  impl itiult ’ l l i ’lt lu )t l ional to  the square of the c’urrent
eonuman d  \ ( ‘ ( ‘ t o I ’  ; l m l ) l i t u ( I e s  AS , 115 . SS. t O1’(lil e d i r e c t i o n  is in the \i . MQ p lan e w i t h
:i ngle fr onu the MI’ M ~‘eet or c ’n n upu t ed  as

f~ A I. . ‘ - \ 5 I /  N ’l ’ Q

( ‘ I t s  ( , ‘\ I.. . 115 \‘‘l Q

N ’i ’ Q 
~‘s- I~ sI

I ’he polh~ de t o r qu i n g  equa t ions  ml ’

12 mad , sect 

~ 
sin 0 N I h ’ cos ~ \

~I Q 2]
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2. 1 , 1 .  2. 1 I t i l i t v l t o u t i n t ’ s . I I i t j t v  l’ o t i t i i a ’ S  which li:i ~ I’ hIm lc~~’ I t pi ’d fo r’ th e
I~; PM I ) P t ’  a m -  l i s t e d  b low:

I , I ) ou l t l c  p r ec i s i o n  I r : I ( ’ t i o i l a l  (Li \ i t l t ’

2 . “i ng l P I I  ‘( ‘I S i t ) i l  1 i’ t’ t a i lg t ’ t i t

1 . l ) ouh l i ’  p r e c i s i o n  1 l ’( ’t an g cnt

1 . —‘i  ug h p ’ & ’c ’i sion s i i l ( ’  ‘i n t l  e o s i I l l

I ) t n ihh ’  p i’ t ’c’ i s ion  s i ne  ;iii d ( ‘O s in t ’

I )oub ii i r t ’c ’ i s  ion ~~~~ i’ i ’  i’oot

7. Si U g h  e pl ’ c(’i siol u Vt ‘ c h u m  c i’oss P i’0 (lhiC t

I kniI i l  c ’ i i’ I ’C’ I sj Oil V ( ’( ’t ()  i’ c ross pi ’O( ll i ( ’t

9 . Ik ~u h u t  p r e c i s i o n  dot t i n i u t ’ i ’  p i ’ t xI u ( ’t

i i ) . I F l i t  V ( ’ ( ’ t t ) i ’

1 1. H oot S uii Squ:i ‘ ( ‘ S

12 . P r i i u t  f o i ’ m a t t c ’i ’

13 . Si n g l  I t  i’ec’ision 3 x :t m a t  i ’ i X  t i  mc ’s 3 X 1 v ( ’ct o i ’  m u l t i  ply

2 . 1. 1. :t 1 ) 1 ~t ’ Meiuiorv  Al tocat ion

‘I’h e l ) P t  - flu l ‘mu i ’s- has ht’t ‘n : i l l  oeat ~‘tI accc) i ’ding to the 1)1 anned opt r a t i o n a l
( ‘oi1 h I L ~,1 I r a t i ( , n  ol 12K i’ ca d — o n l v , 1K read wi’itc’. \Iemorv a l l o c a t i on  maps a re  pre—
sent t’d lw’ la ’a ( I —onl y  nu t ’mot’ y in  I ’ ig U I ’( ’ 72 and li i i ’  read w i’i t t ’ memory in l”igu me 73 .
A ( P t a  I i  d l i s t i n g  til  t en d—onl y  iuu en io t’v i ’equi r e n u e n t s  for  the pi’esent V (’ i’SiOfl of t he
p T O g  ram is g y e n  i n  ‘l ab i le  10. As shown , :i p p i ’ox i rn a t t ’ Iv  250 loca t ions  of i ’ea ( l—OflI ~
m emo i’V i t ’  unused. I Iowc ’ve t ’ , t I n ’ pr esent ve r s ion  of the prog i’am inc ludes  the  s i rnu—
l ; t t oi’ i ’ O t i t i n t ’ , the I t i oma t i o n  ti ’iggt i’ in te r rupt  rout ine , and I I P 2 1 0 0  and pr in ter  I ( )
I ogi t ’ . These fun ct ions  w i l l  he d i P  ‘t ‘ I  f rom the  opt r a t ion ; i  I f l i gh t  program. Aft en ’
h ‘si l un ch ot is a rc deleted , ap l) ro x im at  i ‘lv 2000 1 icat ions of i’ead —onl ~ flleil uo rv wi l l  lit’
v ; i i  I : i h l i ’ . (St i l l  tO l i i ’  a d tlt’tl is the  I 55~ ;\ Da t a Bus (‘ou t t ’oI fu n ct ion.  ,\hout h a l f  (i f

ia ‘ad w r i t e  memo i v  ;i r icl about ha l f  of t h e  EAl t (  )M memol’\ is av id  l ah i c  lot’ growth
I m e t  ions .

2. 4 . I . 1 I N i  Softwa me ‘I ’i iii i ng I )at

‘Fl ue I N E - softwar e a rcluit ( ’( ’tu I t  i s  h ;ist ’d on a 64 I Iz i n t e r r u p t — ( l  r i ven  I ; i s t  c ’vc l t ’
roll tin t ’ wh i ( ’h o~ it - i ’ a t t ’ s  iiu t he  fo reg i’ound , and con ta ins  the execu t i ve  (‘oflt i ’oh. , \ I  1
t im  — c i’i t i c : ’  I f u nct i o n s  a i’e m u  i d ement ed in foreground routines , It is  necessar y tha t

i l l  fo i t  ‘g i ’oun tl io u  ti n s corn pit t i  t ‘x( ’( ’u t ion :111 ( 1 cont i’oI rc~~e rt to I i ; i ck gi’ uu rid ~ii ’io i’ to
t h( ’ o ( ’ ( ’ U I ’ t ’ t ’ n ( ’ t ’  of the next h i  l I z  i f l t ( ’ l ’ i ’ 1 1 1) t .
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LOC (HEX) ROM PROM
1000 3000

FAST CYCLE
+

INOUT SUBROUTINES

1302

3481

CONSTANTS

36AE

START

SIMULATOR

1068 
_ _ _ _ _ _ _ _

3D00— ~ 20 OPEN
CAL 

~~~~~~~~~~~~~~~~~~~~~ 
12 OPEN2///~//////2~/ /2016 3E60 —SNI1’L

20C8 
_ _ _ _ _ ____________________ ,

~~ 90 OPEN

B A C K G R O U N D

2480 
_____________________ 

} 66 OPEN

= OVERLAY

~ 2000 LOCATIONS AVAILABLE AFTER
z 250 LOCATIONS STI LL OPEN

DE LETIO N OF SOFTWA RE
IN TE GRATIO N AIDS

_________________  OPEN ~ 59

1- igui’e 72 . hl e ;t i l ’ ( )nly iMenlory t ’ t I l i / , lt.IOil
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LOC (HEX) ALLOCATION

EXT INT POINTERS , FAST CYCLE TEMP STORAG E

LOW COR E TEMP STORAG E — START , NAy , CAL
0100

DEBUG PROGRAM

DEBUG TEMP STORAGE

(
~ 1200 LOC TOTAL)

0600

(LOA DER PROGRAM) DATA
T E R M I N A L

— —  _ L_  — — — MEMORY (512L0C)

- 
SEU INPUT/OUTPUT 

COM
ALU— BTU ETC

0900
INPUT/OUTPUT (HPIN—HPOUT ETC)

09C0

NAV TEMP STORAGE
CAL TEMP STORAGE
(448 LOC TOTAL )

0880
SIMULATOR TEMP STORAG E

0c00
THERMAL , ACCELEROMETER &
GYR O COMPENSATION
PARAM ETERS (CAL DATA INPUT)

— 

EAROM

EAROM GROWT H AREA

F 
_ _ _ _ _ _ _ _ _

DYNAMIC STORAGE
OFFF
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‘I ’A B1, E 40 . I - ( IA I )—or ~’I , \ ’  M I ’;MoIt\ ’ l t l : Q t ’ I I t l ;~ \ l l ; N TS
1 I \ (  h i ~~\ No ( > 1  I o ( \ l  I( )‘\ “~

l n i t i a l i , ’:il i i i r i  I 7~
h u t  e i ’ i ’upt  Pi ’ i i t ’ t ’ss  fig

I i i u Lag e i-I
l t i t i n i i ; i I  i t ol  ‘I i’l ggt’i ’  ~~ :\ b i i i i ’ t

I I I ,  & I ) i s ’ i ’ ’ t i -  I ~ m l
l a s t  (‘vele (‘ : i k ’ u l a t i o i u s 567
I I P 2 1 I H I , P r i n t e r , ( ‘ 1) 1 1 (~~ 2O~

I t i a l  I n t e r r u p t  Pi ’oct ’ss i iug

St a i ’ t
I ) r i v e i ’  Si~~’I ion 21 

~I- a ~t \\“ i i ’nuup & Sui ’ e—S t a i’t -1 7
Svs t t ’iuu  (‘heeLs 171
Z — C o i l  Heat 2 1 1
Sn 5;)( nd , I ) i ’s  LI 5I)(’fl(l 72
(‘ ha mgi ’  M o n i t o r  229

~~ 
in ~1 t ) t t )  I ’ (‘ om lu land ( ) Fi set (‘ al  6

lh ’— (  a m i s s  I l l
Sp iiuup 19-I
l’ulh ode I)anuh) 112 6
I ( ’ i i l l ) ( ’ I ’ n t c l t’ i’  S1: ih i h j - , ,a t iort 11

5ta n db ,~’ & N a y  I n i t i a l i z a t  ion 1( 1
SIn rt Su hi i ’o u t  i m s  25 I

I i i  ~il St ;i  i ’t 2799
(‘:i l i tn’: i t  ion l)at :i  (‘oll t ’ c ’t  ‘ :5-i
,\ I ign & N ;iv  i g : m t e  2 ‘~
I ) i g i t : i l  ( ) u t p t i t  l ) a t a  I’’ ;is t I t t f i ’ esli :;2U
M :ith : ln ( I  I ’ m i l i t v  Siihi ’ou t j ~ t ’s 9(1(1

I Ia cl~ g i’ )tifi ( I
S ta r t  I ‘ a ( ‘k gi’ oht n ( l  l i t - I
Na v l t : i ck gi’ound 3 17
(‘ : i l  I t : l c ’L gi’onn (l
S i n l u l a t o l ’  Debug Linkage ’ 13
(‘lueck Sunuu 25
I 0 )  l ogic
l h o ’ rm a l  ( (lflt i’O J 52
ItI ’f’F; 1 0) 1;

‘I ota I Background  I I ;  3

(‘o n st a n t s
Sinuula toi’’ I 59 I (
‘/ t ’ l ’ t i  ~l ’nuo i ’y I t o u t i n e ’ I - I
‘I ota I I’  seth 12 U 1 - I
S t i l l  ( )Pcfl 2~I~I
‘Fota l Mernoi’y I 22-s s

I Iii’ nun t~ i’ portion s of the Sc I unct ion~ will  not be requ i z’t ’t I ill ~i ii opt ’ mat  iofla 1
l i i  14hi t p ~‘~ t~i’a III  

-
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‘ h ’h e cx’ - e m i t  ion t imt ’ i’ei 1ui red lot’ I’oi’cgi’taintl d epends t i l l  t i l l ’  nuode of th e  prog r am .
I ~tj m a t c s  W ( ’ t ’ t ’ oht :iin eth for  foreg round t’xi’c’ution time is a function of mode . ‘l ’hese

i -~ t i m : i t i - s  :i r t ’  pi’ t ’s ( ’nl e ( I gi ’ :ip h i t ’ a h l v  in h” i gu i ’e  7-i ~mfl ( I I - i g u i ’ t ’  75 .

2 . h . 2 ‘I ’ t sI S t a t i on  “oI I w ’ a r t ’

I ’ st St it ion ~‘oftwa i- c ’ is usi ’ c h ill in t c ’ g  r a t i o n , cal i I i i ’ i i t i oo  , and (I i a gn t ) s i  S of t i uc ’
I- I ’ M ~~‘nsoi ’s , and lo t’ a i d i n g  I )  Pt - softwa rt ’ dt vehop mt’n t . lii c a l ih  rat ion , t lue test
SI I t ion s t i i twa  I-c conE rots t h e  a i it oma t i t ’  t i l t  t a h l  ‘

~ 
s( ’qh it ’tu ( ’( ’s t h u t ’  c ’o(k ’c(ion of data ,

n i o n it o l ’s  d at  i’caso iu :ihl enesS , Stores  and idc’ n t i  t l ( ’s t h e  data mu rna g i u t ’t i  c disk f i l e s ,
i - s t  i flu at es t b ’  ca l  i l i t - at  ion c o n s t a n t s , to i’mats  tlu e cotust  an t s  fo I’ P PM s c a l i n g ,  r i t ud sends
i l i t  - c:i Mb t’at ion c’ t i i l s t i iu t  5 back th u rough the (hat a l ink  fot ’ Sto r a gt’  in I’ , I ’M rn t ’nu o r v .
ot t hii op el’at ions in this ‘‘statuda i’d’’ sequ enet - of sy s tem ca l ib r a t i on  a r t ’  ( ‘OUt  r o i l  ( ‘( I l iv  a
S s - ( ’ m a l  li l t t ’  mac t i  vt  program cal led th e  St r aj x lown Svstc’m Moni tt , r ( SSM).  ‘l’h e SSM

~ i’og 
i-am is desigiued to in te r fac e  with the test station OI)(’mat() I’ in j ) h a in English , so that

lit - o~n ’ ra to I’ (hot’s not ha ye to know how tlu e Test Stat ioiu Corn 1) l I t t ’  I’ Opt’ rates ‘l ht’ test

St  a t  ion (11)1’ r:ito r can it’rfo t’iuu the t’iut it - c’ system ca l  i h i ’ : i t ion w i t h u  sevc ’rat  c’onunuan ds in
l- ;migI ishu. ‘l’lut’ S5M program foi’ ESG calibration had been d(’veIoIR’(l under IR & I) l’u n d ing.
l’hc’ [oh lowing t a sks  we i’c’ com p l eted iinde i’ this cont rac’t

1. ‘I’he PPM Calibration Mode mechanization for thc’ I)PE’ was (lc’veloped
and chuc’cked out on the  i’t’st Station computer .

2. ‘I’h e ( ‘t ’ iO  r (‘01111 tensat ion models for tlu e l- 5G we me cbuange d to the ‘‘\ ‘— I t vc’h

ang l t ’  readout model and ‘‘K—7:3’’ ci rift rnoilt’l.

3. ‘I’h c ‘‘h” ast ‘I’ ri:ingula i’ Squa i- c—Hoot Mt ’c ’hani  zation ’’ of N. -\ . Ca rlsonu
(Hef 6) was successfully :11)1)lied to e s t i m a t i o n  of ESU angle readout
(‘on ) ensat ion pa ram etc i’s.

Cal ih,t’ation softwa re was modified to account  for the uni qu e sensor mouiuting
:t t  t it udes  in  EPM , and tt use the new interface b etween the test station
cOfl l l ) (t t ( ’r  and P PM.

5. (‘ a lihration softwa re was developed for f o r m a t t i n g  and sca l ing  a l l  c : i l i—
I ) ma l ion cons Ear l Is a nd gene r’a ti ng the pun( ’ht ’d t:i pe for loath ng P I ~M fl1 emor y.

6 . l) i agnosti c ’ softwa me was developed for usin g the II P2 100 to interf a ce with
El ’ M v ia  t h ’  1553~\ h ) a ta  Bus.

7. l)i :ignosti t ’ softwa rt ’ fo i’ an ;i lv s i s  of P5(1 nois e w:is modi [it ’d for  t lit’
configu ra t ion  of the I I1’2 1 00—to— P PM interface ,

~~ . ~ iicc i  i i i  cla t:i cohlt’c’ ( ion and plott ing programs fo i ’ h i :mgn osi s  r e a l — t i m e  l- I ’M
data wc’t ’ o ’ develoln ’( l and used in supp o i-I of K I ’M t e s t i ng .

9. A now assembl er and linking - loa der’ were dt’ vehop ed for Slip ~~~i ’t i ng IN S
softwa re d evelopment , and a program which t ranslat es  from the ‘‘oLd’’
:issembhv language to (li t’ ‘‘new ’’ languag e was devt ’Io p ed .

The hac kg rounds , approaches and results of each of the n um lit ’ red tasks a l’ ( ’

I ) r ( ‘sent ed s epa ra P ‘lv in th ( ’ respect iv  (‘  subsections below.
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2 . -I . 1_ I P h ’ \ l  ( ‘a h i b t ’ a t i t i n  M c c h a n i , a t i i i n

2. 1 , 2. 1 . I f t ick gt’ t i t i n t l. ‘l ’he ang le  i— t ’adout i n f i i m n u a t  ion for’ t he  \ I l ;S(  is der ived
l’ r t i tu u  t h e  t l t ’ l  i l i t ’ i — : i t c  r a i l i a l  mass  u n l ) a l a n ( ’ t t i f  I tue r o t t i r .  ‘l ’Iuis i n f t r nu a t  ion is pi— ese nt
in t h i ’ s u s h a ’mis  ion so’ i’vo ti ~i~or’ signals as fu n t l a  nu t ’r i t a l  ha rm oni ( ’s  ( if th e  rot or sp i n
Imi ’ ( I uc ’ Iuc ’v . and it  is i ’xt macted l iv  d t ’n u o t h u l a t i o i u  t i f  t lu e s m i s p t n s i on  Ser’vo err or si gnals.
In t i t ’ t t er t o ‘‘ av erage t i n t ’ ’  c e r t a i n  e r r o r s  in t h is i m i f o m n u a t i o t u , the  k ’nuodu lat or  r e fe r—
t ’n ci ‘ si gnal  fr eq uo ’n c  it ’  s a N ’  pIl i ’h ost ’lv  d i sp lace I 5 . ) M 6 l I z  fro nu t he rotor sp in f r e—
t I m l t ’ncv . ‘l ’ht ’ outpu t infot’mation is t h en  vu t’ving s u f f i c i e m u t h v  s l o w ly  t a t  5 . (~~i l i z ~
that i t  c a  ii he ( ‘ t i ~~~~

- t ‘ rt cd to di g-i ta 1 in f omn u a t ion and used m u  na\’ i gat ion mec’ha fl u zat ion s
t i u t  ‘ug lu i t  we i- c ‘‘ (h e ’ i n f o r - n u a t  ion.  K i- i-or nuech an is ms w h i c h  c a  use s nu al I . ‘ic ro— mean
e m m i i i ’ s  at t hue f i t - s t  and second h a  rmon ics  of ‘ sI i l l f rt ’qu enev ’ ‘ j 5 . t)~ 6 llzi are ‘‘ a ~t’ raged
tin t ’’ in the  n u a v i g a t inn t u u t ’c h a n i z a t  ion w h u i e h  b ehaves  l i ke  a low— p~~ s f i l t e r  w i t h  an

~- l — m i n u t e  1i ’l’iod) . ‘I ’hi s is the i-t ’ason for  u s ing  the sI i ji f requent -v  in the demodulator’
o u t p u t s . It is irn lt(ir’ tant t o  kc ’e 1i t h i s  s u p  frequenc y cons t a m u t to w i t h i n  about 1) . 01 l I z .
however ’, ht ’ea use t h e r e  a me o ther  er ror  nuechan i s  ms w h i c h  a me So ns it  ly e to ) t he value
of the  sl i p t rc ’quencv

It is i nuj s ’r tant to  sa nup lc t luc data  wh ich  wi l l  be use(I for  angle cal ihr at  ion un d er
the sa flue sh i 1i f requency c( ,n (I i t i on s tha t wi l l  exist (luri ng a lign fluent and nun ~‘i gn t io n
I I t iwevi ’ i’ , it is riec ’essa rv tha t the zero—mean  noise level in th i s  gener ic  data he
t’etlu cc ’(I by sn u ot ) th in g .  t In  order to ru ohuce the level of bias errors  s i g n i f i c a n t ly  below
I l i t ’  level  of the ‘i.e mo— nuca n noise , i t is necessary to reduce the  level  of noise in the
data tluat ~- i l  I be us’e h in c s t i ma t im ~g t he bin scs.

Sr iuoothi ng of t h i s  ‘ ‘ s l i pping f requency ’’ data is accomplished by doing r e a l — t i m e
f t t u r i c r  f i t t i n g  of the  (h ata to ‘‘cosine ’’ and ‘s ine ’’ compoilents of the f u n d a men t a l  l)h llSe
of the output  i n fo rma t ion .  ‘I he f ide l i ty  of th is  f i l t e r in g  a lgo r i thm is ext r emelv
sens i t ive  to et-ror s in th e  assumed sI i ll f r equency .  In oroler It )  overcome t h i s
sc ’ns i t  iv ]  tv , a r e a l —t i nu c es t imator  of th e ou tpu t  phase is inc luded  in the snu oothing
algo~’ith nu. This phase es t i m a t i o n  a lgo r i thm usc’s the ze ro—cross ings  of the  oiu t 1)h i t data
i t s  a flea  511 r emt ’n t  of phase t h y  in U~ i-polating between sa ml iles before and a f t e r  a zero—
c m i  is s in g)  . and uses a simple kal  man f i l ter  mec ’h an i z a t ion  for s i m u l t a n e o u s ly  est imat-
ing sI i l l f requenc y and i n s t a n t a n e o u s  phas e ’ . The sli p f requenc  e ’st i mate  can then he
used to a ppl v (‘( 11) 1 i’ol (by chang ing the  ih em odul  at or pci’ i-ence f requen cy)  to ma inta in the
si i 1i f r equ enc y wit hin the  required b ) t ) un ( Is .  ( )n (tu e N 57 ,-~ sy ste m , the quan t i za t ion  level
for - t k ’nu odulato r  f requency cont i-nI was su f f i c ’ i en t l v  fine I hat t hui s c’ont mid loop could he
mat Ii ’  ye my ‘‘slugg is h’’ (rotor ’ f requency is a 1 s t  very s Iuggi slit and he i terated only eve rv
15 St ’( ’Ofl ( Is.

Itu the ’  P h ’  Sil sv st enu  desi gn , it was p oss iii1o ’ to re (luc ’t ’ (b ut ’ l i f t ’  cy c l e  C( ’St ~~~~ svs—
t o ’ m by r e laxing t he tolerance on t lue demodula tor  output  fi I t e ms  (which  t ighten ed the
tote rmit uc ’ e on s h i p f r equency ) ,  using fo we r bi t s  input  to the d enu osb uh a tot ’ reference
fr i  ‘q mu ’n c~’ gi ’neratol’  (wh icli t ight enetl the  i-equirement s  on t lue fr equency control loop)
and  nuak lag U J I  for it in (he sof tware  mech anization . It was then necessa i’v to move
he demodu la to r  f requency  coat i-el m echan i za t i on  in to  the ‘‘fast  cyc le ’’ , ~‘here it could

be iter atc (h 64 ti flues Pci’ sec’i in ( I .
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\ nctt n it ’ch an i  ,‘at i t i l l  was  dt ’ve ’In ~iet I t o m  (Ie ’mt itlul att ,r f r equency  c’ t t n t  i (,I under  the
\77  J i i ’ t ’g ra nu .  R a t h e r  tha n use / e ’ i ’t i — c t - t i s s i m i g s  to t ’stin uat o’ Iiluas ( , it generates a
f i c t i i t n a h  ‘ ‘M i ’M ’ ’  vector  t h a t  is r o t a t i n g  at  p r e c i s e l y  5 . m~ o ; ~Ii. . ‘l’he dot product  of the
~— :l m h t l e i l  ‘t I I ’M v t ’ t ’ t i i i -  ‘‘ alp ha ’’ w i t h  t h u t ’  [i t t  in nal  ~‘ o’c’ t nt’ is used as an et’ r ’or si gnal in a
o ’t i n t r i i l  loop t h a t  s l aves  the ’  sa n i l i l ( ’ I I  \ l I ’M  v e c t o r  ‘‘ al pha ’’ to ho ’ l i o ’ i ’ h i o ’n ( h i e u l a r  to the
f i o ’ I i i t n a l  \ l I ’M  y i ’ c ’ l t i I ’  an t I , e ’ t i i us i ’ qu o n t l v ,  i t l u : lSe — l o ck t . d  to  i t .

‘it t— i i—c rt iss big a Ig i ir i l  b um c a  ii s t i l l  1)0 ’ ust ’( I  for  the d~i (a s nu oot h in g  a l g o r i t h m ,
(‘ xt ’ o ’I t t  t h a t  it  t u t i  I ting e ’ i’ :i l ip l i t ’s cen t mcI t t i  th e ’ t h t ’ iuu o du l a t o r s  . ‘l’h is a hgorit  h unu was used
ft i r ’  N’~7 c ’ a t i l i r : i t i t i n s , and g at e  r e su l t s  ( ‘ i t m lta  ruble to  N57,-\ I , e r f om n ua luc - t ’ .

‘[hi, ’ K P ‘t I s v s l e ’n u  sn ft t t  are is designed s i t  tha t a l l  men 1 — t i m e  f u n c t i o n s  whi c ’ h
r o’qu i r c prt’ ci sc ti filing wi thu r espect to tlu e inst ru ni ent outputs wi ll he done with in the
I )  P t ’ . ‘l ’h is conven t ion  si m l i i  i f i o s I he test  Stlttioll softwa ri rem qui r e r n c n t s , an t I  n u a kes
th e to ’ sI  s t a t  ion s t i f tw a  me m ,1.e vi ‘m sa t i l e  and ida 1t t a  hlc to ( h i f f e  rent computer sy s t e m s .
It a l s o  men ns t h a t  the i-cal — t inue s nu ooth ing  foi cal ihma t  iotl m u s t  be done w i t h i n  the
1) 1’!’ . If the N77 s n u oothing a h g o i - i t h m s  were used for t h i s  purpose ’ , t he re  would be
t tt o in (kp c ’n i l t ’I i t  a l g t i r i t h n u s  est inuating the sa ruue t h ing  ( ( l e n u o x h u l a t o r  p ha set

2.  1 . 2 . 1 . 2 ,-\ h i h i i ’ i  u t ch .  A vt i’s ion of t hi ’  N7 7 ‘‘fas t  cvc lo ’ ’’ foreground program
a~ 1110)1 1 j f i t ’  I s i t  t h a t  the  d e m t i d u l a t t i r  c ’o,nt rol li luase e i’rot’ signal  was add ed to the

it hi t I c — t a l  uc p I’ia se if t he f i c t i t i o u s  MI  ‘M vector , and th i s  pha Se angle for each of the
V i i i  gv i-os it-as passed th  r i iuglu conunuon for use ’ in ca l ib ra t ion  data s nuoot h ing.  A

se u i a  r a t e  progra m was do ’vo ’lop o ’d for ca l i b r a t i on  t ia ta snuooth ing .  ‘h ’h is  program uses
t ho ’ l i ls i  mu m nt Sta I t i ~ \\ ‘oi’d ( IS ’t% ’I ) t eon i’vnt ion of I he PP M  nuec’hani z at ion  to 1) 0 ’ al) le to
use i i t u l v oat ’  gv i’o . ( ‘h ’he N77 n u e c h a n i z a t i t i n  would ‘‘hang hi !) ’’ w a i t i n g  for ’ a zero—
ct’e~ s big fr - t im tht ’ ou tput  of a nui ss ing gv I’d) . It picks U I ) the  a ~ij i r op r ia  te ( lenuodulator
h Im 51 ‘s . c i i fu h ) U te S  t he a ~~~~~ it’  j mi t c ’d sines and Cosines , acc’u nu u l a t e s  the appropr ia te  sums
of pt’od u( ’ t s of t Iuc sc qU~lf l t  it it ’s w i t h  ( lit ’ demodulator  outputs , and tines the t in u in g con —

m l  t O ) ach ieve  the required level of snuoo t hing. It also h)re sert ’e ’s the sunu s t i f data
fli  ‘ci l i d  for  dt’Io’ mm inn ( ion of (he n uo olu la tor out put de b in scs . This  progra ni s imula t e s
the ’ r e a l — t i  ml ’  f u n c t i o n  of th e K I’M ‘‘(‘ a! ibrat ion Mode ’’ ~iI ’ogr a ni on t h e N77 svstenu

:~ st ’li a ra to ’ set of pmog i’a ms was developed for ’ f o r m i n g  the appropr ia te  mat  m ix
in v i ’  r’s ions and 1irt ,duct s for ’ de te rmining  the smoothed ‘‘ F’ouricr coefficients ’’ for the
ila (a , a l i t !  for fornu : it t  ing and stor ing th i s  ih ~ita in the ca l ibra t ion  data fi les.  ‘l’hesc
Iit-ogmaluus wo re used for EP rt I test station softwar e ’ do i’ing ca libration.

2. -I . 2. 2 (‘ ah ib rat ion Mc di i ( ‘hanges

‘l ’I u o s  ( ‘  sof(wa me ’ modi Ii  t ’at ions included the’ i iui p l em o ’iut a t  ion in the cii Pb ia t  ion
1 ) l ’ o~ , r ams  of (ho’ dr’if t  comp ensation mod el w h uic h was desigu ua tc d ‘‘Model K—7 3 ’’  and tiu c

ang l e  r eadout i - r I ’o r’ nio (h e’l whi t -h  compensates for  se rvo sensing axis mis~i h i g’fl n 1cnt S ,
etc at h ue ‘“ t - — h i ’ v t ’ l ,

‘h I m o ’ n ‘w (h I’i f t  corn po’nsat ion mod e~h was do’s ign ate’d ‘‘M de ’I N — 73’’ because it

i n ehud ’s t h r e e no ’w p :I i - ame t  i t’S , the  ,uo’e’d foi ’  w h iclu was fi i’st ohso ’i’ve il on N—73 ( P P M ) ,
The cau si ’ for (ho ’ :issoci ated d r i f t  ,‘ate has subsequent ly  been t i’aeed to a cou pling among
(but ’ th r’e ’o ’ Sc’ i’t -o cbu it n iu els  on oft ’ hvh rid rntx lu i e (tI l t ’  Notch 1”i I t t ’  i’ hvb i ’i ol ) . A design
(‘hllnge has l) o ’( ’n de ’vehop t ’d and tested for  c l i  min fl t io i)  of the coupling. hlo wevo’i ’, the
softwa me change t ’ompo’ns :it e ’s ti le ’ resul t ing d , ‘ift i-ate ’s :ideo 1u~it clv.
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Mo ’do ’h t m i o h i f b - i t i o ns wi ’!’ ’ i i u i p h i ’ m etut o ’ ( h in t h i t ’  I N I  ~i iu iI ‘l est ~‘t t a t i t i t u  ~‘tol t v, ’ : i i ’ i ’  as a
r i - s t i l t  of a l u a h \  si s  and t u m o i h o - h h i t i g  ci d t ’ i i t  i ’ a t t -  o ’mr oi’ s  ohst ’i’v i ’d ( l u r i n g  e~i h i b r ’ a t i o n  a n h
ii at  i ~ a t ion ,

‘l ’hi ’  ,‘i - s i d r i a h  t h r i l l  i ’at cs ci b i t t h  l ’ l ~ tI gv i’os , at t i ’ i - i’ ’n u t , v : t h  of t ’ a h i h i - : i t e i h  e ’f i i ’cts ,
~Vi  - re UnUSu : i  h I t  1 : 1  l ’~~t -

‘ 
‘h ’hu o ’ i ’r uu s nu : i gi u i  tude ’ of t h o se i -si  h t m  :i I s  was 0. 02-i dig hi ’ per

i \i s  oil ( ;y r o  No . I miuh 0 . 033 d i g  Ii i ’  pe t’ axis on ( i t o  No. 2.

‘[h i t ’  p : t t t e t ’ns  of i’o ’ siihuahs ai ’ e ’  shov,’tu i l l  l’ ’i g u i ’ e’ 76 lo t ’  (vi’ i i No,. I and l’ ’igu me 77
t i ~~ ~~v mc No. 2 , I t u the ’s ’’  h’ i g u t ’ o- s , t he re sidual hi ’ift t ’ato ’s a i’c r ’ o ’ J i r i ’ s o ’ i u t ( ’ ( h by a r rows
( hI’ aw r u  cii a sphere . ‘l I mo ’  a r rows  r t ’ I i i ’ i ’ s i ’n t  (ho ’  d i r e c t ion  in  w h i t ’ I u  the ’ i’otor spin axis
would  i u u t t v e  as a i’ o ’ s t i h t  o f i ’ o -s i du : i I  d r i f t  rate ’s ( t h u o ’  l’2~( I i’oto t ’ i s  tu ot torqut ’d , a nd ( l i t ’
i i i  : t ~~~ii I u oli -  of ’ t h o -  :i t ’ I ’ t )w is i’e h a t e ’d to t h uc magni tud o ’ o) f the ’ ci r i f t  i ’ a t t -  by thu e sea I t ’  sluowru
~n I l i t ’ I i  gu t ’ t s. ‘h ’lu t - oct a t u t s  on t l u c’  sp ire n eal so i- faces  i ’ o’ p ro’ s i  ‘ru t ( hu t  - suspo ’r us ion elect rode

st i m l  l e t  -s ~i l  the  l- S( , w i  thu the’ KS( I N— \‘— ‘1, aXe ’s o H e iute ’d as showiu on (lit’ figu me. ‘l’h e’
t a i l  of ‘-: i t’ h i ar r ow i i ’ i ’ p i ’ c s e ’t u t i n g  a d r i f t  r ah t ’  is at the l t , ca t i t n u  of t hi o ’  sp i n ax is  (wi th
rt s 1i , o ’t to ) t hut ’  I ’ S( I e l e c t  rode ’s) at the ’ t i m e  that  ( lu c d r i f t  i-ate ’ was ohsc ,‘ved .

‘h ’he ’ obso’rv ed patt(’i’n of r e s iduals  was analy zed to c l e t c i -nu ine  i t s  fui iuc ’t ion nl  foi ’nu
i f possible ’, i t s  ph y s i c a l  cause ’. In general , the ’ patt ern of a r’rows is away fronu the

— iX~ S towa i’d (hue - V :ixi s , and iuas m axinu t im value ’  ha hfwav betw e en the twt ) (i . c, , tut u r
t i u e - N—V p la ne ’ of t luc f igu  i e’) .  The .’ functional fortii of this patte rn is

/ 11 ) 1‘y x  ( Y x ’ P~\ [o~
whei ’ t ’

‘t iS  1 unit vo’c’ton parallel to the rotor sp in aXi S

~ is i t s  t i n u e — m a t t ’ —of - ehange’ (j u t’ arrows in the figu I-es)

I ’  is the ’ associate d c m i h i  h ra t ion pa i ’amete ’ r

‘l ’ b u i s funct ional  form had be ’e’n idt ’nt i f i e’d in  eat’! i c r  d r ’ift modelling sludi t ’s : s  b e ’itu g
duo’ to caus e’s whi ch cxcha ng u ’ o ’i ut’ t gy between the i’otoi’ and i ts  e ’nvi ronnient , such as
notu —unifo i-rn magn etic f i t  ‘Ids or suspension st rvo cha macte ’r i sties at i’otoi ’ spin fmequ icn cy.
1) i’e’ v i o u s l v , no s i g n i f i c a n t  d r i f t  mates  had be en obse i’~’ed with  thi s func’ t ional  fo i m.

Some e’xI) e ’ri  meri ts we ’ me I ’Ofl(IUC ’tl  ‘d to measu  ru ’ the’  :i mbi o ’iut magno ’ti  c fi t’t ( I S in the
v i c i n i t y  of th e I’ SG ’s and to see wh c(iu er ’ t h t ’ observed d i- if ( rate’s wo re affect ed by
r ’ot: itio n of the I1id’ with rcspe’ct to) h i t ’  P PM ho uising. It was conclud ed t h a t  t lu e magnetic
fi e’lds in the I~\ I’ WI ’ !’(’ close to na t u i-al I e ’vt ’ l s , and t lu:i t the’ obso’ i’ve’d d r i f t  i-at c’s ~vei’t ’ ,
indeed , fixed with r e ’sp o’ct to t lut ’ IA 1’ . This means that the d r i f t  ra tes  observed during
ca l ib ra t ion  (when th e’ I AI ’ is not be’ing r’ot~it t ’d) w i l l  he ’ ( h ue’ s a mo ’  it s  those eXpe ’r ’it ’fl( ’t ’d
in nav iga t i on  and a lignment (when th e I At i s  rot a ted). (‘omse q uo ’iut i v , (lie ’ dr if t  rat c’s
can be calibrat ed and com h )t ’n smit o ’d , 1) 1 - a l ) I ) r - o l ln ia te ’  t’hangt’s ~ri ti le’ t e s t  s t a t ion  software’
and INS soft wa t’ i ’ .
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‘I ’ I i i ’ t i -  i’ :i hihi’a t i o nm t’ i , o ’ hti o ’i i ’i r t s ( I ~’j t ~, I ) :17 :ii id l ’~~~t tv t ’ i ’ ’ ’ a ( l t I ( ’d  to t l ut’ d rift i ’ati ’
t u i o t i h t ’ l . ‘l i i i ’  nt ’w’ i i u e s h t ’ I  ( h ) i ’ i l t  ‘e l o h o ’ I  K73) i s  sht iwi u in  ‘h a b I t -  I I .

‘[l i t -  i’ t ’ s i d u : t I  d r i f t  l a t e ’ s , at ’t i ’ i ’  ‘~i h i b r ’ : i t i o r i  w i t h  I ) i ’ i t t  MottIi ’l l- ,7~ , i i i ’ ’ -  shown in
I L I I  ‘ I - s  7~ and 79 t ’ t  ( I v  i-c No . 1 m d  N o . 2 , i’ i ’s~it ’c t i \  i i i . ‘[he t ’i ’ spec t i t - i -  i ’nu s
tl u a’4 i i i  t L i t I t 5 :t i i  - 0. 00~ aut h 1) . ( 1 1 1  ( l o g  1mm t t ’ i ’  : iX i  s . ‘ h i t ’  i ’ i l t  ( ‘ on u j i i ’n sa t i t i l u  SO ) i ( W ~i l t ’
i n  t h i t -  I N S  was then  i i i o d i f i t ’d t o  l i s t ’ t l i e ’  P73 I ) i ’ i h t  ‘t l e ) i IO ’ I  w i t h  t l u i ’  ( I t ’ l ’ i \  i ’d I ia i ’anut ’te r s .

a i ’ t - ~ u I I , t h e  d i ’ i l t  l a b ’s o l i s , - t ’v i - t l t h u  i ’i i ’,,~ t u : i t  i g : i l i on  it’ l l ’ ’ ( 11( 11 t ’ i ’t i u o ’t ’ i l It ) t h e  l i - t e ’ i s
i - i  i - I  i i i  ( h o ’ cal i l t l ’ a t  1001 i’ i - s i d u a h s . It was ot i s  - i ’ v i ’ i l  t h a t  t i m e ’  t t h u  ‘s ui t h e  t h - - -

‘‘
n o w

’’ t l i ’ i l t  p : m i ’ : i i u u o ’ t i - m ’ s  o l i t a i i u e t l  l i v  (‘~i h i l o t ’ a t j o ) t 1  were  n i i ’n t i ( ’ a h  i iu  s ign m u  0) 1 a l m o s t
t h i -  s ; u i u u ’ -  i u i a g n i l t i i i o -  em i l l  L \  ‘c -is t h a t  w - i ’ ’ e’~i I i h i ’ : i b o - d  in  ! ‘ I ~ ’tT .

I h o -  phi si ca l e n l i s t ’  t o o ’ t h e ’  iu t ’W d r i f t e ’i ’t ’oi’ r uuod o’ h s iuas b c ’t ’n fo unol .  In v e s t i g a t i  otu
ot t l i t - ~~~~ T Sj t i f l  s( -r t - () o ’h e c ’ t r o i u i e s  m o-v i al e d (hat about S po ’i’c cn t o f  ( h o ’  i i up t t t ‘ ‘ N — a x i s ’’
Si - i t o )  i n p u t  s~~ m t a I  i c - a l I t - t I  h u t ’  ‘‘Mt M ’’ s i g n a l , lou ‘‘M ass ( nba la ruc e Mo (Iula t io )n ’’t is
eoup lo o h  in ~~i t h e  ‘‘i I \ i S ’ ’  s o m ’ to , ;iml t h a t  M p o ’t ’c’ i ’n t  of t h e ’  ‘ ‘ V — a x i s ’’ S i - i t o  I n p u t
s m L i i ; I l i s  o ’ o u j i l t - i l  t i t o t  u t ’ -  ‘‘ /,— a x i s ’ ’  sci ’t- o. ‘[he i’un ct i o iu ~i l  f ot ’t uu at ’ t iu e re s u l t i n g  h t ’i t ’ t
r a t ’  s cos a i u f l ~~ ’ t t o i i ’i o i l  S~~i i l 1  : t X i S  dj i ’ i ’ ( ’ t i o f l )  (‘ t ) I i t a i i l , S  a t i ’ r ’n u  i im op o~i ’ t i on :i l  t o ) ‘ l l ’M —
iul :L ~t i l  t u t u - i o : o i - ’ - ’ l  and of th i  - f u n c t i o i u : t h  to ) i’tuu :t ssot ’i a te ’d  w i t h  t h e ’  tucw pa i - am e ’ t e u - s
I i i ;  i n t l  I ’~~ , ‘Flit’ La-I t h a t  t l i i -  l o ’t’ i l i  is i)ru Fx ) i ’ t i o i l a l  tt ) M t \ 1 — n u a g r u i t u d t ’ — s qu ~im t ’i i

o x~i I ; t i m i s  I h o - t~’s - - i ’ ’, o i l  t a r i : i t i o u  itu  I~~ i; an t i I’3~ w i t l u  h u t ’  iuuagni t ud o’ oil’ ( hu t ’  t 1 t ’\ I
s goa l ot t ’ (ii ’ u t a n t  gv i’os.
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WHERE TH E VECTOR F IS AS DE F INED A SOVE

THE UNIT V E C T O R  IN THE DIRECTION OP LOCAL “EAST” IS FOR COMPENSA ING CAL IU RATION STAND MISA LI GNMEN TS

L~T H E R E F O R E  THE 13T H MODE L TERM IS NOT USED IN COMPENSATIO N DURING NAVIGATION , ETC.
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t udo r t h i ” - t : t ’—k . liii ’ ‘St ‘ — h o t e l  0 1 1 1 1 1  1 0 ’ I o ’ — : i t i i  i i i  ~i i ’ t i g i ’ a n i  it i ”  ~i i io 1 I f i o ’ o I  :1101 i In t o ’ g r : l t ’d
P u t t ’  l i i i ’  o l r ’ i t l  t ’ : i l j i u i ’ a t i o i u i  ~o i’ o o ~~ l’ : u u u . i l i i i ’  d r i f t  o I : , t : i  m u s t  l i i ’  e t i l l l l i t ’u ’— a t e d  lii i’ a n g h i ’

i’i ’a i l i i u t  t ’ t ’  I’ ’ o i ’ ~’— ) . ,  ‘
~i I s ’ , t i i i  ‘ S ii i  i — ~ o l’ oig l’ a i i i  l i i’  vo i n u  i u t i t : I t i i I l i  od  l i i i ’  iu~~’a~ t i r a ‘ I i i  t i l t  ‘— t  ‘ ( I  i —

I i ’.’ i t t  I l l a l  t’ i t ’ t ’ s t o o t ’  b i t ’  I \ i : t  i i i o i t h i ’ I  was  m t u t i j t i o ’ o l  I’r’i u i i i  t ho ’  s po ’~’i I i zt ’d i’ l l ’ s i o in  i s o ’ o t  in
o l o ’ t ’j v : i t i t o i i  o t t  t l u t ’  I l b o i d I ’ h , n it !  t h m i ’ — wa s  i u ’i t o ’g l’: It i ’d  i n t i i  t i u t ’  t l i ’ i I ’ t o ’ : i h i l o i ’ ; i t i i i u u  f l i ’ t i g n ’ : l i i i  lad
c lii ‘ o ’ ki ‘ii o m i t ,  ‘Yb i s  s :m m  I ’  s ub— ~oi’ io gr’ a ni ii is i n t i ’ gi ’ a te d  i ito th e  a n g l o ’  ( ‘:11 i i ) I ’ a t i i i b i

oi ’ o g t ’ : i n i ,  I t  i s  u sed f eun ’  e o i T i i ~ i o’ I i s : I t i i m g  hu t ’ t l t ’ t t ’ m n n i n i i — t P ’  g\ I’o i  d r i f t  o l u i ’ i u m g t luo ’  L i m o ’
: I lu i  u~ i t  I — 1 2 l u i o u r ’ s b t h a t  t l a t : I  a Ft - b e i n g  5 ‘ 1 1 1 1 1 1 1  1d  f o r  :i ng h ’ ‘‘ a I i l i t ’ a t i t i i i  , l t i i t l i  o ’ a  l i l t  ma —

t i t m  ~il’ o gl’ a m s  t \ t ’n ’  ( l io n eh t ’ek o ’d  out  mmd t’o ’i ’ i f i t ’ t i  I t  c ’ ( i n i h i a l ’ i s o t I u  , i I  ( ‘ i i I i l I i ( ’ u I s : I t i i u i u
i ’i ’ s i e l u a l ’ _ i i ’ o i n i  e ’ a l i h r a t i t i n  oI; i t : i  o~l u ich h:I ( l  l i t ’ i ’ i ~ ‘t i n i ~ u i ’ u ~~~a t o ’ i i  i u d i ’ i u o ’n d i ’n ~ I i  t t ’ it h t ho ’
‘ ‘

‘let ’ ’  rn , t I o ’ l ~

2 , I .  ‘ , “ ( ‘h a u i g t ’  t t i o ’  \ I o ’ o ’ l i : I I i i t ~I t i t > l i  f i u t ’  I- - s t i m a t i u i g  An g i t ’  R i ’ a t l o t i ’ ( ‘ c i n i l o i ’ I l ~~: i t i o u i
h i . I l _ :l t f l t , t I , r s

2 , I , 2 ,  :: , I l bac ’k gi’ t u u u i t l .  l b o ’ e : I u s e ’  th i ’  \I 1,5( 1 is i ’’ wl miil o ’— :ii mg lo ’ ’ ’  iti stm u ru o ’iu t. tiu ’
ang l o -  i’ t - a t !o i i l t  h i a ’ - i - s  ili l i s t  l i t ’  ( ‘ t i l u i l i u t t ’ t l  as t’u i i e t i o u n s  , i I  t l i o ’ t v l u o h o ’ — : i u i g l o ’  ro adcu t ,  I h i s
t ut ue ’ t i , i n a l  t’ t ’ i : i t i o o i i s h i p  is : i i i i i i ’ o i x i i uu : I t t ’d  l ) \’~~I t ’  o ’ e t i ) r — t ’ : i l u i ’ e I  I u o u l v u u o i m i a !  i t i t l u  .~o ; I ) t i l y —

b ‘Iii  l i i i t ’ o i o ’ t ’f i e ’ I t  ‘ I ( t ~ - I’h o ’ s o ’  are ’ the ’ ~56 ib mt lo ’ l ) e ’ l i e lo ’n t  pa ran i o t t ’  n ’ s t l u a t  1 ~~( ‘ used in
( ‘ t ) n ’u p ( ’ n s : I t i u ’ig (ho ’  : i i i g l o ’  no’ : ic t e iu t  b i i : e — o ’ s  o i l  Iho’  \h I’ S( . S i m u l t a n o ’ t t u s  , - ‘4 i n u a t i n u i  ‘ if
56 I i : I l ’ l m I ’ t i ’ t ’~ i s  :I f o u r lu l i c l : l l ) Io ’  c o I u l I t U t : m t i o n ’i : l I  I i r o l ) h e n u  , I’ : ,r l i o ’r  at t e ’n ih u t s  L o u  t u i t ’ c h m n i z e ’
t h i s  w i t h  :i K a l n u a n  f i l t e r  in -l s — h i t  l ’ l e i a t i m i g — p i u i n t  a r i t h u t u u e t i c  we’re unsu c ’et ’ss  f o i l ,  ‘I ’ he ’
t o  t i a  t ’ia i m e ’ o’ nu at  r IX h o c  :i i uu i ‘ u i i ) t u — ~ ‘ ( ‘ S i t  it ’ O ’ tlt ’li ti Ito’ . :i nd t iu t ’  e’S t i iii : i t i e ) i u : I  I ‘ice’ ur a c ’v ‘~‘, e ’ tu t
awry .

iii o ’ t huo i o l  it P i e ’ i m ( l id pr’ot’o ’ sl i ce’ 0 5 5  foi l four  t l ue ’ eoo u u I ) u t : i t i t ) u i a  1 1) 1 - 0 11 ) 1  o’ i uu i t a  s a
h o ’ : I s t — ” ’ o i u a l ’ es s o t l o i t i t i t i  l l si i ig  ( ‘h i l o ’ s k t  d o ’ t ’ o t l u u p i i s i t i i u u i  t i f  the  a u g n u e n t o ’d  m a t r i x ,  Th i s

:1 t ’ t u i i u p u l a t i o n a l  I m I ’ o ( ’ c ’elu mo ’ f ( i r  s o l v i n g  a iu ot’ o ’r d e ’t erm Pied st  ‘— t o ’ I uu of ’ l i n e a r  o ’ q u a ( i o u n s .
‘I’he h ’ : i s t — s q u n : i r ’ s  j u r t u b h o ’ m  for angh ’  ( ‘ a h i i ) r ’ : l t i t , n  0 : 10 1 ) 0’ po i s e d i i i  g o ’ l i i ’ r : I h  t o ’r tu i s  : ts
t i m : I t  ouf  I i u i n i l u u  i / P i g  Limo ’  t’ i ’e t o i m  iui:i giui tu ol o’ ‘ -m~ t ia r t ’c l :

A x - h i  1
1

iv i i o - i ’ t ’

.~ is t h i ’  atc — Ft ) We ’ ( I  t o i l  cmiii v t ’ t ’ t i i r  o i l  t’~I 1 l I i t ’ il t I ( i l 1  c ’ o u i I s t a i i t s  (to  be ’ ( Io ’ t ( ’ r l u u i r u o ’d (

I i  i s  th o ’ I ~0— r u t t  ed ci ‘hum ii t’ e’e’t oU’ oil ’ c a  lii) m a t i o t m  da ta  mt- ; I  s ur o ’nu o’f lL ~

I s a I 2 )) — h ~- — a ) ; ruu:i t i’ i,x . (‘ o ) In 1ius ( ’d  0) 1 ’ c o m p u t e d  I u i o ’ : I s  ur’et u u o ’ n t  5 0 0 5  it  ft i t t
ti u Oh I ’ i t ’ i ’ S

( ‘ f m o i h i ’ ’ - k v  o l i ’ o ’ o ’ I i o l o o o s i t i O t I  t ’ o u i e — i i - - l s  e f  h i i ’ i uu i i i g  the’ tum atrix h)I’o)duc’t

F ~, ‘ A ‘ Ii
I ,\ ~~i i J  ‘ I ,\ ~~l i 1  J 

~~~~~~ ~~~~~~~~~~~I Lh .\ I ’) I)

mmd t a k i n g  I t s  U~I~u i ’l ’ — t t ’ i : I I l g L i h :I F s i~ ua rI t’i i o i t , U ,  ‘I ’i ua t  I ’ — , U is aim up h uo ’l ’ t r i a n g u l a r
mat !’  I X  i l l ~ i i i i  u i — / i  ‘r t i  t u  ‘ r ots  h o t ’  ‘~e th o ’  1 11:1 i i i  d i  r i gi  u n a h  1 and
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U U l
\ -:

o t ’h o ’ : m l g o u r i t h i i u  lot’ e ’t u i i i p u t i n g  U is i ’ f f i c ’ i o ’ u i t ,  I t  r o ’q u i r o ’ s  in  t l u i ’  i u r o l o ’ t ’  o i l ’ 5) 1( 1 m u l t i p l i e s .
tt h i’ t’ o’ ’ . I s  the ’ pi’iiel u c’t i i i  t t t i ,  5 6 — h u ~ ’ — 5 6 i u i a t r i ( ’ o ’ s  t : Ik ( ’”  175 ,616 m u l t i p l i i ’ -’ , ) I t  t u r n s  i u u t
t i u : I l  , li v c~a t t i t  i u u l u i u m g ,

I z

U — — 4 —  —

O u s

it - hi - i ’ -

N Q Z

a i d  ‘‘ 5’’ o ’t 1u :i  Is the ’ r”~ s ro ’s id u a 1 c’ o u m pe ns at ion  o ’r r (ur  rt ’s ul t i ng  f rom the ’ i’s t imat e  of
X ’’ thui ’ ‘:it ibr :it j ini p:Ir:imeto’rs). ‘l’he’ iuuati’ix square  n a iL and the  inv ( ’r s ion  of th o ’

0 1) 1 i t ’  t’ —t r io im g u la  r iuu at i’ix ‘‘Q’’ e’a - h (‘( ‘ ( l i i i  re in t he orth’r (if 5))))  nu oi l t i p 1 ics and :idds
I h i s  is eons ido ’ra hlv  f e t t e r  operatiotus than  the Ka l nu :’,,n iuu o ’c ’h ai i i  / at  ion ro ’qu i  no ’s .  I ’hi s

nu :Iv l i e  ht ’  ro ’:ison that  t iu e ( ‘ h i i lo ’skv  do ’e’onu p~ s i t ion  rnc t h ouel is c iunu pu t a t i o t u a l  lv nuor c-’
t : i l t h o ’  h e i r  t h i s  : l I i I ) h i c ’ a t i o n ,

,-\ noithe ’r :odv :intage’ of the ’ ( ‘hole skv elee’oouupo s i t i o t u  ( and  000 ’ that  was p ar t i c  ul: i r l~’
i iii po urta  nt  d ui’ i tug e l t ’t ’o ’lop tuu en t  ( i f  the ’ a ng l e ro ’ac lout c’onu pv r n s a t i o m mock ’ Is is that  the’

z ‘‘ t’ e ’ et our  c ’orr c ’spotuds to the ’ c’al ih ration C0( ’ ff ic io ’t lt S  tt’ it h re ’spe ’c- t t o a G r ’,Inu —

Sc Pm kit o r thoni  i r tu in  h i  za t  ion of th ( ’ i n d i v i d u a l  iuu ode’l te ’rnu a.  ‘l’h at is ’ t iuo ’ un i t s  of the ’
/ —et a  ‘I f i c’  ic tut s  are ’  itu radians  ( if  rs s co , iuu 1u ( ’tusa t ion , the  to t a l  rs s c-ut uu p ensa t ion  is the ’
1155 ouf : i l l  tho ’s o ’ t ’ oa ’ f f i c ’ io ’n t s  , and the Kth c u e f f i c i c n t  ro ’p re ’a e ’iuts the ’ ru -o argin: t h  i- ss
(‘o n’tpo ’f l s : I t i On  res til ti tug f rom adding the  Kth  rno dt ’l term to th o ’  ‘‘ c’onup os i te ’  Iuu odd
of tho ’ pno ’v i~ us ( K — l I  nuo d(’l terms ,  ‘l’h is t y po ’ of in fo r r iua t io r u  is p a r t i e c t h i r l v  useful
d ur i lug i uu t u c h ’ h  d evvio l i luut ’nt  for o v a l  wit hug t h e  i’e ’l i t t ive  corn p e ’lus ati ot u a ffordt ’el hi’
c:i t ud ida t i ’  rn i ido’ i  te i’tuu a

Be-s ide’s h u t ’ s ;  iuu t de’l pa ranuete ’r s . the~~’ Ol ’ e’ fou r  othe’i’ hiarame’te’I’s tvhk’h tuu ust
bo ’ do term m e d  d u r i n g  angle  en 1 i b rat ions  . i tt- i) o i f  these pa r anu ( ’t o ’rs  are ’ b i a s  er rors
f un’ the’ i t m to’ i ’ nue’di a t e axis  of’ t he ’ ~ r e’cis ion tU t  table ’ , be ’c ’ause ’ t lu e ’ t’e ’nlI i e ’r  t’e’:idouts e) il
twt ;  set t ing  l)t ) S i t i t u t i s  of this axis are ’ not s u f f i e ’ i e ’ t u t l v  accura t e’  at id iuu ust be o ’st i iuu at e ’d
f ron t  the ’ data - ‘l ’he uth e ’r t w o  P am met ers  deli ut ’ the iun(’rt m l  1)05 it  ion t u f  t hio ’ spi l l  ax is ,
w h i c h  r u m us t :il sei be ’ e ’st i iuu att ’d f rom the ’ data - I l t tt t i e r , due L ou di’i ft . t h i s  di re ’e ’t ion
doe’s nut re ’r uu a  in e ’onst a i i t . ( )ne dratt ’b ack of the ’ i o ’ a s t — s qu a  n o ’s  approach is that  it has
i ii  i rovi s  i t u i i s  for u i i h i i u u a l  es t m nu ato ’s of n o n— c o n st a iu t  p: tI’at uuo ’t t ’  l’ s

‘Fh o ’ method that has be ’en used for “ope n—Loop ’’ up da t i ng the ’ o ’st m n u : i t o ’ s  eli the ’
I ne’rt m l  d irect  ion o u f  tho ’ sp in ax is is he) r e’pe’at a t i l t  taI ) l  t ’ o r i en ta t ion  o i et ’aS i ot tm a l i v ,  so
t luat the ’  ace unu u lat c ’d drif t  since ’  the ’ Ia at r eh ue ’t it ion of the ’  OI’ i o ’t i t a t i i am e O n  li e ’ flu ens ure ’d
di ru ‘ e t h v .  I luwo ‘ic r , no atto ’iuu pt is r uu ad c to ) in icr the ti me ’—h istt i  nt ‘i f  d i - i t ’t be ’tt i’e’e n
ro’po’at(’d or i o ’ im t a t i o n s  . s it r i ’s ult , t’ :I r ia t io l is  have ’ bt ’e ’t u ol)se ’rv e’d in the ’ o ’s t imate ’d
h a  ra nu e ’t t ’  i’s w i t h  d i f fo ’r e ’n t  nue ’thods of d r i f t  ( ‘ e uuu h ) o ’ imsa t i o ) im .
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l i i i ’  K : i l l u i : i u i  f i h t o ’ i ’  t , i o ’ e l i a u i i / ; l t i i u u i  t v i t lu  st at e  t’ t ’ e t o u t ’  d y m i a i u u i c s  is th u  e ’o u n’ r o ’ t ’ t
i i u , ’it lo ’ I  i t u i ’  pt’eul )l o’I u lS t u f  t h i s  ( t I l t ’ . It  ha s  I ut ’ o t ’ i s i t h u m s  for ’ llhi )t t’ iiig ‘‘drif t ’’ o i l  s t : I t o ’ s  th :ot

:1 n o’ h i e ’ i u i g  i ’ s t i l i i O t o ’ t l .  l Imo’ I t r o u ) h o ’ I u i  i s  to i iv t ’n ’ c ’ o i m i ’  t l u t ’  c ’ ( i l u u l i u t : l t i i u u i : I I  o ’i’roi ’ ’- t h at
n u a k t ’  th e ’  P al  i u i a n  c o t t a  I ’ia n co’  m a t r i x  n i o ’an ing l e ’s s .  Si iu ia l ’ t ’ — i- t int  f i l te r i n g  is  func t iona l l y
e ’qui i  i l , ’nt to ) k : i l  man  f i l t e ’i ’ i tu g ,  and th e ( ‘ arlsun : l l g o r i t l i n i  fot ’ e ’ i i v a r i a n c ( ’  u p oi: i t e ’  i s
t’\ (’o ’ I )ti ouilOIIV t’f t ’k’io’nt in r t ’due ’ing the  um u nhb ) e ’ r  of ‘ontpute’r opo ’ l’:Itions tt’hicli o’rodi’

ac ’c ’u l ’ :n’t ’ . ‘l ’l it ’ ( ‘ a r i s o l u  a lg o r i t l in u  lun d be e’iu progr’~i n u i i t i o ’ d  foi ’ tIm e ’  ‘h t ’ l ft c - : i l  i b r : it ion
p t’ o ig ma iii urn Ic ’ r a ii IU & I )  task in (‘onup :tnv I ” i se’al Ye’ at’ I 972 , and progranu  r uu e’(l for
(‘i ) t ’ i i’i i f l ( ’ t - : l r u a h  i’s i s  0) 1 angIe ’  i’e ’a o hi uu t  e’ m u  i-s und o ’ r Phas e 2:~ . In both cas e’ a , n o> conu —

l ) ( t t a t i i ) I u ; i l  I I ’ohhe’ ms ivet ’’’ e ’tuc u unte ’t’ e’ d.

2 , 1, 2 , :1 . 2  ,\ h i l t r c u a c ’ h .  ,\ l x a l m a u m  f i l t o ’ r  Iu l i ) do ’ l  four  tho ’  : u u m g k ’  c ’ ;i l i b t’ a t ie , tm I i I ’ ou t ’t ’ s s
it is e l t ’v t ’ lo ipe ’d  t o t  inc l ude : ( 1)  random d r i f t  of Li i i ’  sp i ui  a x i s  d i r o ’ e t i o a u . : i n d ( 2 )  r e s i d u a l
u iu miu e ! o ’ lo ’e l  ang l o ’ i’e ’ : io lo uu t  o ’ l’t ’ tu l ’ s i i i  ie ld it  i u u u u  L i i  a ogle ’ ro ’adout t i t l i s t ’ . ‘l’h( ’ ma ndorn drift
is t a t  ‘do led lit ’ adding ‘‘

h ul’ t u e o ’ s s  n o ise ’ ’’ va r i a i n c t ’  Lou the t’a l’ian c’e’s of the ’ t t t ’oi  ~tate s
ii nj e ’ h  n u t u e i o ’ I  t h o ’  u u i c ’ e r t a l u i t \ ’  i l l  the’ ti’uo’ dii’o’ctioni of the’ sp in i x i s .  ‘l ’hat is .

2 2 2 2
-J - I t  I 0 

- i t  b - o I t  — t I
I Ii - I i m i ‘- ii - 1 nu

t~ iu o ’i’ t-

is tho ’ i’ani: i  flee of net d r i f t  1’: i t u ’  bett t ’eeuu the’ f i l t h  noel to  ‘ 11th sanu p Ies t i f  a ogle ’
c’aI ibr a tion d ata

t is tl ut ’ t im e  at whic’h t h e  l n ) t l u  s a i u u i i h t ’  is  ro ’:iel

2 is tho ’  va r ia i u t ’o ’  of Li i i ’  u luc o ’r ta P ut t ’ i n tho ’ I i  ) th  e ’onu lii u iuo ’n t  of :o u i u i t  vo’e’ to i ’
a long  the ’  rotor sp itu a x is

‘l’ h o ’ bas i s  ‘ii re ’c ’tio nu s for  conupone ’nts  of t h e’ ro tor  spi r u  a x i s  a no’ c ’iu o>se ’n so t th Ot the f i r s t
two eonup one ’nt s arc nor r u u a l to t iuc ’ nomina l  iii re’ction 0)1 the ’ rotor spin ~Lxi a and t iue ’ th i rd
( ‘onupono ’nt i s  pa rah lo ’l  to h u t ’ non u i  nal  di re ’c’tion of time’  rotor spin ax i s .  Re ’c’au se ’ the spin
a x i s  di ro ’ct i un  is repro ’ si ‘nte ’d by a u n i t  ve ’c’tor , t h e  f i r s t — v a r i a t i o n  of t he ’ tlui rd component
wi t h re s p e c t  to spin  a x i s  di t’e’ction is -,o ’ro. (‘onseque ’nt lv ,  t l u e ’ f i r s t  t w o u  components arc
a u f f i  c ’ie ’nt for  c ’lm ~l r a t ’ t i ’  n i ‘i ing time ’ prob le ’ n u i .

I n n  i ,r ’do ’i ’ tot  in i’e-h:ttu ize t h i s  ruu tuoi e ’h is :1 s( h u a r e—z ’ tu t ) t  nu oolo’l , it is i m p o r t a n t  that
the ’  s t : o t o ’ s  w i t h  t o n ”  0 , 1 - 5 5  n o u i a o ’  he the ’ f i r s t  e lements  o f  the’ s t : i t o ’  t ’e’ctor . ‘i’his is set tha t
t h (~ 1’SS i lgor i th i i i  f o i l ’  ;l ddi l mg ~ rOe ’e ’ss noise ’ to the square ’ root of the ’ cov an iance ’
iii it t n ix en ii i i i ’  m u  :ielo ’ nu u o no ’ o ’f f i c  i o ’iut . ‘I’h’tt i s , if the ’ uppe r t l’ia uig Lila r s e~Ua Fl,’ t’oot, c) f
t it o ’ o ’ i i t ’O t ’I ~I i i ,  0 ’  t i l l t l ’ i X  citn i l)(’ iia rti tit ~tie’d :ia sh t iw i ’i t ) ( ’l ot\’

U
I )  :

so tha t  ‘‘
.\ 

‘ ‘  is  tho ’ aqua ri root of the e’ iuV : I  r i ; in ce ’ ma t r ix  of the st : it o ’a iv ith pro~~’ss
no ise . :lnu ( l il-

l) , E ) I -
~ (uppe r t r i~i n g u I i r )
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it - t u o ’ t’ u ’ E ~ thu i ‘ r~ ic- i’s a 110 u sd’ cot t a r io  net ’ , tho u

( ‘

is tho’ up~uo’r— t l ’iaumgul:Ir ai: 1u:lr e’—r euuu t t t f tim e e’oui’:in ’i:I ne ’ t ’ a fto’i’ ado l i n g  h i t~~ ’ ’s5 h o u se .
1h :~t is ,

[ z ~~. : H]  [ D

1

u]

l 

[:‘ B] [:~ B]
i (‘ ( )  i (‘ ( I  (‘

I 1)

( )  I ( )

Ut ’ h : iv i i u g  the ’ state ’s  it it,lu pi ’oce’ss n o i se ’  in an u h ) I st ’ i — !e’ft a ub— o uu a trix , ohio ’ c a n  avoid
h a t  I ng (( 0  s qual’e , add p i’oet’s s u u m s  o ’ cova riance ’ and take ’ the sc~ua ro ’—ro ot of :tl I hut
the ’  : i f f o ’e t o ’eI  u h t h u o ’ r — I ( ’ f t  s u b — n u a t r i x  - In  t h i s  ca se ’ , the ’ u p l) e ’ r —10 ’ft a u b— nu :i tri x is
d i n u o ’n s  it i ne ’d hit ’ t i — bv —t t v o , ‘I ’h o ’ a l g o i r i t h n u  f e r  adding Iui ’ o)C ’e ’ss n oi iso ’ in t h i s  ( ‘ l ~~o ’ can
1)0’ s m 1 uii lied Lou (ho ’ fol I ei ’,t ’i im g ’ e ’qu :i t io n ia

I ‘u

‘~ 22 ~~ ~b [“ 22 
I t )  - J~~ ( t ~1 I 

— t
11

) ]  
-

A ,, (, t ) ,-\ , ,~ I t  1n 2_  ii
‘
~~ 12 ‘n ’  ~~ 

- - 

.-\ , , (t I
22 n - I

1 “I ‘1 ‘~ ‘‘ ‘u  —

, - \ I t  I , ‘t — f t  I ‘ .-\ ‘ I t  I °T It  — t )
11 n I  L I I II 12 ii - n i  n

it-hi re ’ ‘‘
~~~ m ‘‘ is (ho ’  e ’l e ’n u e ’nt in  (ho ’ i ) th i’otv and (j )th col urn n oil  the ’ upp( ’r triaiugula r

aqua r e — r o o t  of the ’ coV:i ri :i tu e’e nuu at r i x  ouf  s tate’  unc e’r ta in t v .

‘l ’ho ’ l’t a sun for c’,;o u n t i i n g  ( i i  I meat it n ig h c re’;ldotIt iio )i 50’ a epa rat e ’lv from unnuo d e ’lvd
log Ic i’t ’adout b i a s  t ’ rro rs is to 1) 0’  ; ihl o ’  to use ’ t h i s  extra piece ’ 0) 1 i t i f e ) r t u i ~t t1ot l  tvh un u—

u- i - o r  :i o n  libration s i t nuu l  u l o ’  is re ’h ue ’ i i  t e d ,  \Vhe ’no ’vo ’r a ca l i b ra t ion  sam 1) 10’ is ro ’po ’ated ,
t ho ’ m m m i  ud o ’led a ngl o ’ r eadout bia s  t’ r n irs for that  samp le’ it i l l  :1 l a o  In ’ i’e’pe’ate ’d ,
it m i i i  ‘as th e ’ an g l o ’  r o-a e t o tu t  no i s o ’  0’ rr u r iv i l l  not ho’ r( ’pe’ilted. ‘l’h o’ rm s magnitLide’ ef
u omi do ’h ’d l i l a  so’s  is i l l  t iu o ’ oirdi ’r of a , ( ( 5  nn i l l  i rad ians  per :i xi s , and th ’’ rrns noise’
is  in the ox’do ’r of 0 . 1 ) 1  nui l l i r a dian s  ~e’~’ ax is - ( ‘ ons eq ue ’nt lv , wh en ever a samp le is
r ( ’ 1)(’ato ’d , the ;iceunu uta to ’d dri ft since’ the’ aanu p t( ’ t i n s  l a s t  t ake ’iu should he ’ de’te ’rm inable ’
to u w i t h !  Ii tho ’ le ’vo ’l 0) 1 ’ the (1 . ( I I  ni r od noise ’ . If the ’ unmodeh ’d 1i lilac’s e’rror for a

samp le ’ a ru in clud o ’d is st Ot ( ’  ViE rumble ’s , then th ese’ c ’atu he ’ est imated a tac t ,  ‘l’his nuod cl
is a tru e re’ pr e’s ( ’i ut a t ie ) n of the ’ phi’s ical situation during anglo’ t i  l i i )  r o t io u n , ~tnd it
r emovo’s th o’ cor r e’ Ia t io ,n  that would othe ’rwi a e’  o’x ist  he’ twee’ tu (ho ’ mcasure ’mc ’nt e ’rr (> r S
l i ii r ( ’~a’ato ’d SiIr l u I ) h ( ’s

I 7~
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, \o - cun:lhIi , ( ho me ’ is o u t i l t , ( l i l t ’  sa fl l I i Io’ t h ua t is n’(’ ll( ’Oti’d tiu n ’oug iuuut the (Iil tii o’uu lo ’ e ’ t i o f l ,
i u t i t  l h o ’ o ’ u ’  at~o~ ‘-.u ’ \ e m ’ O I  s:lni h u l i ’ s  that are  m a ’ l t e ’ a t e d  once’ . ‘l ’ l u u’  sa n i j tle’ t h a t  is m ’i’ p o ’at o’ d
m o o r ,  - t h a n  ‘ ‘ l i t ’ , ’  I S  it, i t i i  t hu u ’ t ’ u i t i ) r  sp i ll  I x i s  n n t u u i n ; l h h v  i n  t luo ’  c o ’ n m t o ’ n  i i i  t h e  N t i , I
5 5 I ~~’fl~~iu imi ‘ I ’ - o ’ t m ’ o t do ’ . l il t ’  u t t h o ’ u ’  u i ’ p t ’ : i P ’ o i  sam ple’s  ia ’ eur  wh en :i S o ’ I ’ i I ’ s  ool  s:innp l o’s
:l m’ i ’  t : i k t ’ t i  luo ’ t t t  u ’ u ’ i i  o’ o i i i a t a u i l i i n ’ t ’ o ’ in o ’n t s  oi l  th e ang l o ’  se t t i n g  t o t  the i im ni ’m’ n i o s t  t i l t  t a b l e
J ’ o t t : I l i t u t )  a x i s , I n  t i u t ’ s o ’  o ases , t i m i ’  l a s t  s i l l u i l i l t ’  i s  t ak e i u  i i f to ’ i ’  a co iuip lo ’t e  n ’ o i t a t i o n  : ib t iu t
1 1 1 , ’  i’ i t l l l l i t h i  ~I \ i  5 , a n a l  IS a m’ ( ’ l ) t ’ : I t  i t t  ( b i t ’  (‘iufli jl (itifls iou th o ’  h i l ’ s t  sa n ip l t ’  oil’ t he  si’ u ’ii ’s .
‘I u - a u  - ‘ ‘ ,‘ o , t a t h i u n i i l  t i  , u a t , l l ’ t ’ h t t ~ n it ’’ 5 : m l u m l ) l o ’ a  i l l _ c’  uso’ d o t n h t ’  ttt - i o ’ o ’ , at ud lu l l  ( t t l u o ’ t ’  l ’ o ’ 1) t’a t ( ’( l
‘~:i t i i l i h t ’ a  a u’ o ’ t : t k o ’ u t  in  he ’t it o ’ o ’n ,  ( ‘o in se ’qu e ’n t lv , duo ’ ata t t ’a  a i l do ’i i  for a l l  the’ i ’ o u t a t i ( i n : l I
i i  i Siil ’ I’ p i t t  m uts I U (  ‘ I ’ ; ‘ ‘ a im 1) 1’ sh a r o ’u I  i n  the’ Kal mal i  III Ii i’ . ‘I ’h :it is , t i i t ’  t t t’ i i  ( ‘o i f lupol ’k ’n it s

o f ’ t hu  uluti’uiuoI e’lIo’ t l b i as e ’ i ’ i ’ u u i’s l i i i ’  th e ’ Ii m’ s t  l~C I >  c’alu 1) 0 ’ m i a i e ’ I I o ’d  i n  t he  lilt t ’u’ . Al I e n’
t he ’ ‘~-po’ at oil t luat U (‘I’, (ho t t a n  lx ’  l’ e ’ l u l a e ’ c ( I  by (lit ’ u f l f luo ( i t ’ h I ( ’ ( I  b)1 05 t I ’  t ’) i 5 0 ) 1 ’ ( ho ’
S o ’ o ’ o o u i , i  R ( ’ l ’ . ‘I 1mev t a n  la to ’i’ ho’ u’t’p l:~ ’o’d bt’ lim o’ t i ui nai , k u u n ’ t h , f i f t h , (‘Ic. H(’P’a.
F: :ich t i  l imo ’  t h a t  lImo ’ state’ s :oI ’ e’ sti-ahil)e’(l , (ho’ v s t i  mato ’( l  api’ i or i t ’ a h u t ’  nuu inst  Ix’ u - c’ s e t  lou
li Ft 0 , :ou ut I t h o ’  o ’ a tm n i a t t ’i l  c ’uy ar I aiic’e f lu t is t  li e ’ i - c — i  ni ( m u  zc ’d to be’ U new’ I’ e ’I att’(i t~’i th  tho ’
c ) t he ’m’ sha l t ’ s  l ii i s t ’tu y ;I m ’ i onc e i’ e’— i n i t i  a h i  z a t i on  is nue ’c ’ha n i zo ’d in  the’ Squa i ’ c—roo t
f i l t i ’ i ’  m o o r e ’  t ’ l l ’i c ’ i c n t h t ’  hi’ p u t t i n g  the se’ tetmipiu r~ii’v UCI> u i m nmod e ’h l e ’ d  b ias  e’ t ’ I ’ o t ’  s ta tes
tio’ \t a itt’ i’ t h o ’  (u i) s tat t ’s  ut - i th  l)i ’ ote ’O ’ 55 fl ( uI  SO ’ - ‘I ’hicn t h e’ upp o ’ I’ t i i  angu m i ’  squa r e ’  n ’ Oi ) t
u u f  lim o’ t ’i u\’;li ’ia tle ’e ’ iiia tn ’ix t’:l ti li e ’ J )an ’t iti oui ’Ee ’f h as shiott ’n be l ow :

I I C

U

I,) I 0 )  I

iv he ’ mt ( hu e’ sub— nuat ri ce’s ‘‘B , ‘ ‘ I ) ’’ a 0(1 ‘‘ I ’ ;’’ c ’ t ) nta in the’ in l ’or in a tu i n  lout ’  the ’ c tuv a n ’  I anue e ’s
i i i  tho ’  ‘‘ t e ’h u i p o r : I ! ’ \ S t i I t o ’ S .  ‘‘  I t  ma t ’ 1) 0’  sho tuv i i  t h a t , i f  A is  l’c ’I ) l ac’ c ’ ( l  by th ue ’ uppe ’ i’ —
t n i  a n g u l ar  aqua  ‘u’  r i u o u t

— [A :~o ’ - rm’1 j 1 2

:1 ni l

B ( 0

I’ , — ( )

I )  — I-
u nmn i m o u u h e ’ I  It ’d

‘l’h e ’ u the’ 05 atu e i ml t t ’d  o ’oi’a i ’i afl ( ’o’ n u n a t m ix ci ill h a t e ’  bu o’e’ nu n . e —i  n i t !  a l l  ze’d as r equir ed .

‘i ho ’ I r i ‘atn uo’n t  oil di’ I ft and Li iunudei he ’d e i ’n oi’s aI’e ’ th (’ o i n hv  iumou di lie’ at i t  ins n e ’t ’do ’tl
for  adap t i  rig th e ’ squa r e— n’oot f i l t e r  loin ’ (ho ’ ang lo ’ c a l l  bn’atiinu prithlo’ nu . ‘l’ ho’ ( ‘ui -ar i :lfle’ e’
update ’ t o u r  nu e ’ asu r cn lo  -il ts and th e state ’ o ’a t i  mat! on update’ use t I~o’ al got ’! th r um oh ’
N .  A .  Car l su i n  t H o ’ i  6) .

2 ,  4 .  2 .  3 . 3 U , ‘ae i l t  s. ‘l’ h o ’ OI)l)I’Oae’h (it’sc’i’ i ix ’d in  the pr ’e’ i’ious sect! on t in s  cosle’ ( i
and che ’c ken l out. ‘l’ h o ’ re su I ts  we ro ’ to ’  ml l’ie ’d on ai m g h v cal i bt ’at ion data t h a t  had been
I;roo’o’ssc’iJ hi’ tho’ Cholesky dl’eompos h i on method , and (hi ’  r i ’su l t i  ng paramet ers  were
cornpa n’e’d to )  th e ‘‘Chuhe ’~ kv ‘‘ p a r a nu ct en ’s hi ’ the c o m p a r i s o n  pi’ogi ’anm CM PZ E . ‘l’ho ’
i’e’sults show agr e’crn e’nt to w i t h i n  II . 04 nui’ad m n us  ~e~’ axis , ‘l ’hi s is within the ’ e’xpe’t ’t ed
variation du e to drift  e f f ec ts. Th e’ me’th od was fu n ’t iut’r’ ve rifi ed I ) v compa i’ing navigat ional
p l ’n ’fo rm anc:t ’  of N S 7 A — 2  with  pa r a m e’te ’r s de’ri ved by 1)0th nie’thod s ft -u rn the ’ same ’ data.
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2. 1 . 2. I (‘ a l i h t r ~i t  j o i n  S o u l t w ~I h ’ o ’ \ lo d i t i e : o u i , u t u s

‘l i i i ’  in s t l ’ l i l i ’ l e ’ i i t  u l i t ) l i l ’i t i i u g  of l’ i t ’ nt~i ( i o u n u a of i i i  1 P M  so ’iuso n ’s  (2 l’ ’SG ’ s and
ai ’o ’ o l o l t , ’i ’ o ’lit I i’t ) h i i  tho se’ o u t  anu t -  pi ’ o’ \ ’ io uo us  s y s t o ’ n u s . ‘l I mo ’ tut’ o I’’SG ’ s i1~I v o ’  1 ) 0 ( 0  i’o l : I t o ’ d
: I i u u i l _ i t  h l t o ’  l lo ’g l ’ e - u ’ s  t u’ inu u 1 i t o ’  N5 7~- \ ( :In id (~~~‘ i ’ o ’  ‘ I t - s t  St~i t i o u n ) oo ’j o ’ i i t ~i 1io ns , i n ( I i ’ ( lo ’ i ’  U t

u l o - e ’ n ’ o - : i ~” o -  t ) vo ’ i ’~l l l  s v a l o ’ u u i  p~Ic ’I ~ Ig iti g h i t ’ i g h t .  ‘ l ’ i iu ’  ~Ic ’ c t ’ I e i ’ u ru i e ’ t o ’ i ’ s  it’ e ’ i ’ e’ n ’ o - — ( u i ’ i e ’ n t e ’ ( l
it i t h i  t i v o u  i t i l ) t u t  i \ t ’ s  t u o ’ : i t ’  f l u , ’  h u u i ’ i i , o n l a l  l ) i i I n t ’  to n i m i l u i n u i ’/ , e ’ ( l i t ’  i m uu l x te ’ t  0 ) 1 I’~’~( ’~ s c a b ’
I : i o ’ t o i  I’ t - i ’ l’ o i  i’s on s’, st  o ’ t l i  li ii i g:i t i o im : i l  : lc ’e ’u n ’ac ’u’ .

‘ l ’ i io ’  e ’ : i l i i i r : i t i o n  pl ’ i t ~,!, i’i l l l i 5  it’ c ’t a ’  i n m t i d i h i e ’ ( h  t o ,  c : l l i l i n ’ ~I te ’  f l u e ’  Sc ’t us ’ ’ i ’ s  in  t h e ’ nue ’tt ’
o o l ’ i , - t i t : l t  loui s . ‘l i mo -  ~)i’ o u g i ’ : I T ) i s i t e ’ t ’ e ’ I l ioX h I t I t ’ i l  in stuc ’i i :~ ti l t’ t h : I t  t h i ’  s a m e p l’ogl’: i mmi  (‘an
c: i l i l t i ’ - o t t -  N 7 3  ( I ” l t ~e I s y s l o - i n s , N5 7 ,-~ sv s t e ’ n u a and s i n g i t ’  i n s t i ’ u u m u o ’ n t s  o u nu :1 Gvi’o ‘l e st
St i l t  i l i um .

‘ l ’ h i -  p l ’ i i g i ’ i i l m m s u t I o i c ’ h i  c ’ o u l l e ’ c t  t I m e ’  e’ :oliliu i’:itktnu (101:1 ut o’i’ t’ ni o (lihl e ’iI h u t ’  t i m , ’ I’’P ,\ I — t o —
I I  P 2 1) ) ) )  i i u t o ’ l ’ l : i e o ’ . ‘l i m o ’ I’ ’ PM a V s t o ’ l i l  u a e ’s  :i nue ’uv e ’ : i l i l ) n a t i o t i  : Ippi ’oa clu , 1mm wh i c h  a l l
h u i i ~, h — i ’ : i t e ’  u ’ o ’ : o I — l i t ui e ’ ( I i I a  a i u u o ( I t h u i i u g  e ’oiui Ini t ~l l I o o n is  : l i ’ e’ h u ( ’ l ’ t i t l ’ i n t ’ o i  i i i  ( l i e ’  l’ I > M ( ie ’ ( h i c ’ ~l t e i l
l ) I ’ t ic ’ e ’ s s o o n ’ , and ( l i e -  s m u i t u i ) t i i e ’ o i  t i : i t o  a re t n ’ a t i a n u u i t t e ’ o l  n t  a alout’ i’ t t c ’  (~o ft ’tv ~u 1) 1- 0 15 pe ’l’
s u ’ c o u n i l )  t o o  ( h o ’  ‘h ’ o ’s t St l t i o i n  ( ‘ o iu ipu t en’ . ‘ l ’ hu i s  ippi’oa clu is  much  s im p lt ’ i ’  t o u  t l u m p l o ’ i uue ’nf ,
ari d p er m i t s  Si n i i i l t i tucou s c a l  i h i i ’ a t i o > l i  of s t ’u ’et ’a h s~~st i ’nu s  wi t hu ur i c ’  Test St at  1 m m
(‘ o u t n p u t e ’  m ’ . ‘I ’h t ’  i’t ’ s t t l t  log cl iaiu go ’s in t i m e ’  t o - s t  s t a t  ion s o ) t t \ V i l  i’e olee ’ re ’~L 5 e ’ d ( l ie ’  s i t e ’ ’,Ifl(l
( ‘ ( i i u u l ) l t ’ x i t V  i>l  o ’ a ( ’ l m ( Io ta  c o l l e c t  ion pl’og’nitrn , mi nk  tug it p i t s s i l ) l o ’  to c ul l e s ’ t  oi i ’ i  t i
( ‘ i l l i l t l ’ i i t l i u t l  ( l a t ~l i n ’oiuu ( i t i )  l- ’SG ’ s and c a l i b r a t i o n  (I o ta  fi ’onu th l ’ e’( ’ I- M A ’ s s i n u u l t a n c ’u u a l v .
‘l ’}i o ’i ’ e’ a r e ’  n u ou it R i o  o l a t a  (‘oulcc’tion I)i’ogn’ani s :  ‘ ‘ A N G I , l ” ’ ’  (\t ’ hui ( ’ hi  col le c t s  ang le ’ ( ‘ O l l l ) I ’ i l —
( i o n  u l : I t : I (  : i n o h  ‘‘ I )A ’l ,-\ ’’ ( i t ’ iu i e ’ l u e ’ oI fe ’ ( ’ la  o h ’ i i (  ( lO t i i  i ’ u ’o umm ( l i e ’  I- s( ; ‘ 5 ofl ( i  ( i t ’  snm m o :uf hi c’ oh
(‘a l i i i i ’ : l t i t u n  o h a l : o  f i ’ o u l l l  t h e’ 1 - M A ’ S) .  Both pr ogi’ a iuu s ( ‘o ) lu t l’ol time ’ Goe ’i’i : i u t u nuu : l t iC  t i l t
10 1) 10 ’ 0) 1’ , ii  t h ~ s v s t t ’ i ui is m u u t u u n t o ’ o I  o u t u a m : tn u a l  t i l t  table ’ , m’ c ’ o l u e ’ at  s p e c i f i c ’  aiug lo ’
s e ’ t t u n ) ~~s I n o l l u  :0 t~I h ) 1 o -  ( t l ) ( ’i ’U t o i ’ .

‘l ’ht ’  b i l low 11mg n u m ( i ( h i f u e ’ : I t i ( u n s  it ’ o ’ l ’ e ’ a l so ’  nu u :ide ’  in  t h e  t e s t  a t l t i i ) f l  soit t i ’ai’ e’

l ) : o t a  m ’ o ’ : m a i i i u a h l t ’n o ’ s s  ( ( ‘ s t i n g  it ’OS adde d Ion  e ’h t ’t ’ ks u n i  of a l l  1 1 1 > 2 1 ( 1 ) 1  I’ PM
(Io ta  t i ’ : i n a n u i a s i o n , I t o t ’  wor d c ount  i’ c ’ t ’ i f i c : t t i o u n , 10 ) 1 ’  I’ ’S( n t ’a t l out a : i t u r : l t i o u n ,
:i i uo h  to i ’  Go c ’t’ z t iibti e ’ se t t i n g s .

2 ,  ‘ ‘ I ( e ’ ( m ’ a r i s m m u i ” a i o n  i’ o ’ o l i l o ’ s ( ’’  iu u o u i l c ’s  tt ’ e ’ re ’  i i l e l t ’ i h  t ( u a l l  h l P 2 I o ( o )  1 P M
t i ’ : i n a m n i s s i t i n s , in (lie’ e’\’e’nt oil  t l ’ o f l s I i m i s S i O ) n l  e ’ l ’ i ’ o u u ’ s  l i t ’ in g  o l e ’ t c ’ c t o ’ th  1w
t h e ’  0 h i t  a l~e a  sunu :obl e ’n o ’s s t o - s t  s

3 , ‘1 I o i ’  I- ’ 1>M s i ’ i h i i ( ’ f l ( ’ u ’  ( ‘ o ) i i nm t o ’ I ’  i ’ a l ine ’  u t : i a  111 : 1010 ’ f l i t ’  a t : i no h : i  i ’ol t i m u u o -  n ’ o ’ fe ’n e i uc’ o ’
t o u t ’  : i h l  i l : l t : l . ) ‘l ’l~~’ 1 1 1 > 2 1 1 0 )  c lock  11:101 ‘ ‘ e o n  used as  t i m e ’  t i m e ’  i’ t ’ k ’re ’nce’ . 1
‘ l i i i  s c ’n sin  i’e’s t h u : i t  the ’  a:i lime ’ t i lu i e  n’ o ’ t o ’ i ’ e ’n e’ e’ it- i l l  be ’ Usc ’ ( i  in ( ‘orn l) t ’ru sat 11)0

u t  c rr oi ’s  as in c-v a l u a t  ion t ) i  ( h i t ’  i’o ’I c ’ u’~in t ( ‘ iu tu i} ) c ’ni a ~ t ion pa m’a ri me ’) e l’s .

2, I . 2 .S  I” o u l ’ i u u : i t t i l u g  and Sc a l i n g  oil ( ‘ : m l i h r : l t i o n  (‘o u n a t a n t s

~~ ~ 
rug ma rn ii as  develop e ’oi anol  ( ‘hmeck ( ’( l o ) u t  Ion  ge ’n erat ing cal iim’at iOfl 1)0 i’O luic ’ t e ’ l’

(ape ’s l o o m ’  F’ l> M ‘ l ’ l m i a pt ’ogra nu u l i s t ’s  l i t ’ o ’ pa i-a me ’to ’n  l i l t ’ a  on nmag ne ’t ic’  t u sk s (( it o oi l
ang lo ’ re ’ :m o l out  pa I ’ :o ii ie ’tt ’ r a , ttv () ( I I  ( I  r i f t  pa ~‘a rnete ’r s anoh one’ of F MA pa nit me’te ’ns I
50 :110 ’ S  and t’o ’I ’ot  m ’ma t  a t l ue ’ n uu fun ’ I’ PM me ’ni orv sto inage , and go ’fl en’a t e ’a a punched P~ Pe1’
to pe t o )) ’ l oad ing  i n t o  I) Pt ’ run ‘mu r~’ . ‘l’ li o ’ p rogram ~l lS0 )  go’ ne ’n ’at e ’a 0 tTUl gne ’ti ( ’ d i sk
fi l ( ’  that o’a n 1 ) 0 ’ l i ) a ( I e ’ oI  into ) I ) P t ’  rno ’mo m ’v v ia  ( h ue ’ I I  P 2 1 1 W — t o — I ”  h~ el da( :i l i n k , i m m o l  a
pni nt ei l  SO ) f t wa i’e 0 0  m t  n’ol doc’u nien ( kk ’nt i f ’ ing  :11 1 da ta  ant i  I)n0 ( ’t ’as lO g U Se’(l Ii

gi no ’ rat ing th e ~~ i i  met er tap e ’ _
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2. l . 2 . 1~ ~~~~~~~ D a t a  B i t s  S ’ i I I ~t ’ : o i ’ o’

~“ o o t t i t : o m ’ o -  m t : m s  ilo’t o ’ 1 o t ~i i - i l  and o ’ h i c e ’ k o ’ u I  c i i i )  h o n  u u s i n g  t h o u ’  h i  P 2 1 0 ) 0 )  ( ‘ o u t n t h u i i t o - i ’  ‘ u I  l i i i ’
t o - s t  s t : u  t iii t o o  o ’ o u l i t  m ’ i u l  :1 I t ’  i ’ Iml inn  I on ) l o t ’  I ‘o~

”,2 ,\ I ) : t l  :u I i l l S .  ‘I i i , -  I ) a t : i  I ‘ i u s  l i i  m ’ohit’ :o ri had
I t ’ ( ’ \ ’ o u i n s f \ ’  I i o - o ’ t ’ i e ’ h o ’ o ’ L o ’ i I  ‘ u n t  u t i t h  spo ’ei ~l I  ( o ’ — )  e ’ i ju i p u u o ’n l .  ‘ l b ,  ) u ’ s (  o ’ i l o i j l ) m l o u ’ l u l  \ ‘:ls

is o 1 f o o i  t ’ o u n u t l’ o u h l i l m g  t l u i ’  h ) ~I t : o  B o u s  l o u t ’  e ’ l u o ’ e ’ k o ~~t t t o t  t h u u ’  1 1 1 > 2 1 ) 1 0 )  pi’~~gi ’ I luu . \ \ ‘ iuo ’ iu  t h i s
h ut ’ o o ~~u’ : I l i i  10 : 1 0 1  l o t  0-lu o ’ l i o ’ c k t ’ i l  o u i u t , it  u t : o s  t l i o ’ iu  O I S e ’ o l  l o o t ’  c h o c k i n g  u u i t  t h o -  1) 1> 1 ’ p n ’ o u ~~u ’ ’ o n o

‘ u i ’  t u ’ ’ tn ~— m 1 i o o t i t ’ oi~ , ul u h u t ’  I ) : o t ~n l o u s  t ’ia t h o ’  l ) ~I t a  ‘ l o ’ n ’ n u l i n : I l  [‘ n i t .

2 . . 2 , 7 I- ~( ;  N u t i s , ’  l ) i ~I g l u i t s h i i ,’ Sool ’tw: i i’ o ’

,\ pi ’ ’’~~i ’ ii no mi n d ‘‘ I . ) I c ( ’’ ’  u t : n s  o hc ’ t ’ o ’ h t u p o - o i  l o o n ’  a ‘‘  l o i o m k — s e ’ e ’ ’’ it ( l i t ’  n o u i  a t ’
e’h u : I i ’ ’ l e ’ t o ’ n ’ i s t i e ’ S  o u l  I S( d : i t : i .  ‘l’h ia  pn’ ua gt ’~I n u i  ‘,t :IS u s o ’,’l in i’o ’ n ’ i f i ( ’ : i ( i 0 0 0  o u t ’ t l i ( ’  1 1 0 1 5 0 ’
c’lu~In’ :Io’ t t ’t ’i s 1 i e’ s o i l ’ ( l i t ’  I~’S( ; ang l o ’ n’ t ’ : i i i t t c t t  o ’ I e ’ o ’ t ’ i t n u k’s . ‘h u e ’ m u o l s o -  e h : Im’ : I c ’ t o ’ t ’ i a D e ’ s  ar e
u h ( ’ t o ’ r l i i j n t - d  t i ’ i u n u i  ( l : m t a  c ’oo h l o ’ e ’ t e ’ d  b o y  ( h i t ’  l )A ’ l ’ ,\ ~) 1’ i u g l ’ l m , it l u i c h i  is  ‘ I , ’ s c ’ i ’ i l u e d  in

2 , 1. ‘
~~. I . 1 , 1 0  ) K( ’ opt i ouns  n u ( ’ l u o l e ’  p lo ts  ,~o ’ n o ’ i ’ i i1e ’ i i  on 1110 ’ I ) n i l u t i ’ m ’  oi l  :mr m g li ’ i’ o ’ :u i out

f i t , i s o - , i t s  l ’ o u i n ’ i i ’ n ’  cont en t , on ’ s p at i a l  ‘h : iu ’ : l e t en i s lu ’ :— . ( ) t }iem ’ opt i ons  i n c ’ h i u t h ’  1) 10>1 5 ( i t
s i c ~n : i I  m u m : i g n i t u i l t ’  and p l ’ i n t — t i u t s  o u f  d im ’cc’tion e ’o s i f l e a  ino l  a n u u o n u t l i e ’ d  ( ; — ~~ — u l : I t : I . ‘ I ’h o ’

J u t ’ i u g l ’ : I I u l t i n s  I f l o ) i h i t i e ’ i l  f u ’ oauu :i  p i ’ogn’a nmm t i e ’v e ’t op col  l o u t ’  N o t .  M o u i i f i c a t i o n s  t t e ’ i ’ t ’
t lo ’c ’ t ’ , :S :I ’V tot’  ( u s i n g ’  the ’  n e w  o l :m t : i  f i l e ’  l o n m u u a t s .  t I t h e r  i u m o d i f i c ’ : i t i u n s  ut ’ t ’l’ e ’ nu : m o k ’  t o t ’

‘I u m p o ’ n ’ : m t i i > n  of t h e  I ) n’ ~u ,~n’a fl) , So) t h a t  le ss oipc r at om ’  i u u pnu t  :nnd cont rol is j ’o ’o i u i i’c ’t l
l i i i ’  4 o ’ n t ’ l ’ : i t i n g a f : i n t l ~ii’d ou tpu ,u t s

2 .  1. 2 . a Ro’ ~i l — ’ I i t n i o ’  I ) a t a  I ) i a g n o u s t i c ’  S o f t t v i i m ’ o ’

‘ I ’ h i i ’ o - o ’  pt ’o u gn ’ i i  nuu ~ t t o ’ i ’ o ’ o l e ’ u’ o ’lo pe ’d to n ’  t’ t ’ : i l — ( i r u l e ’ ( ‘ o l l e ’C t i ( m n  of I’ ’ PM data , and
s tu i n i i i , , o -  t o t  t hu  01:11:1 o u mu s t :nnda n ’dii ,e ’d t i l e ’ s  l o i n  p l o t t i n g .  Une ’ pt ’ igi - :l nuu ) ‘ ‘HA\\ ’ X’ ’) has time’
e ’ : I l t : I l o i l i t V  f o u r  s i n u i u l t ~i m u e - i o i u a  s a m m u p l i n g  of ~ 12 c o u n s e ’ eu t i v o ’  a:l l l ipl e’a 0 ) 1  e ’aelu oF 20) dil ’ l ’e ’n e ’n t

m’ : iue u l : I t ~ I i a  i ’ l : i h o l i - a  j l i  1” PM m u m e ’ i u m o o n ’ u ’ . ‘h u t’ sb tts’i t ’ic u’an’i:ibles tt’hic’h :mi ’ o’ s :imp ho ’d :i i’ e’
5 l ) o ’ t ’ i t i u ’ i I  l o t ’  a bl ’’ ’’L 0 ) 1 : I O I ( b i ’ u - s s i ’s  i u h ’ t h e ’  l’eap o ’ct iv e ’  vi i i ’ i~i hul c ’ s  in l)Pt ’  me ’nu u i u m - v .
(‘ o u n s o ’ o l u ( ’n t l s’ , f l i t ’  U~-\ \VX pr og ra mum could  1 ) 0 used for’ a n u m b e r  0) 1 ~)11t’po)SUs. It was
i n s t - t i  ol u i ’ ing s oul ’ t w a n c ’  li i i  n’ o l u u : o  i’o ’ i n te g r a t i o n  I on  u’ t ’ r i f i c a t i o n o ut ’ l ) i u l l i o u o ( o ’  o l~i m u ip in g c ’oiu ( i’ o il
: i n o l o l o ’ t i u u i o l u i i : i t o m m ’  f r o ’ o j u o ’ n e ’ v  c o u n t  m’ oh , uu i h l o o n ’  h o i s t ’  o ’b i m i n a t i o n  in the ’  angle ’  l’ c ’ : i t l ihu t
e l o ’ c ’ t  m ’ u n R ’a i l t u r i n g  h~I i ’ i lu t - : I re ’  i m u t o ’ g r ~i t i o u n  t e s t i n g .  It w : n s  a la u u a o ’t i  fu r  v c ’n i f i c a t i o n  of
( h i t  o l o ’ l ’ i t - a  in o ’ o u n t  i’ o u l  t o t ’  t h u o ’  r o t a t i n g  c ’ len u e ’n t .

,\ not l u o ’ m’ I uu’ og n’ an mu was oh - u t  ‘lob l e d  foi ’ co l lec t ing  eonso’c’ut i t - c  i’eao’Ii ngs ~a 64 - so ‘c)
o)f thu ’  r o t a t i n g  o ’ to ’ m t ’n u t  t ’ t u c oxh o’ m ’ lot’ about  2 — 1  2 minu t e ’s  ( 102- t o  sarnp h t ’ s ) .  This  p n ’ogi’anu
wa s List  tI fu n’ t o ’  i’i fi eat ion of rot :i t i ou eon  t i-oh softwa m’ e’ . A samp le ’ e)Ll t l)L1 t P 1(~t is shown in
F igu  ia’ sO , ‘l ’ l ui  s plot shows (ho’  e’neodo’ m ’ i ’e ’atio ut t a  h u e’s (im u eh e’g i’ e’e ’S) w h i l e  (lit’ rot a l l  mug

o ‘ ho  rn t n t was (a n’rn e ’ o i a round twi Ct ’ , :10( 1 t lu d l  t in ,‘ncd e) ff . A n oi t l u e ’n’  out  pu t p lot is slut wnu in
I- ’ igu n - u ’  SI . ‘l i i i  s is a ‘‘bho ) w— u p ’’ of :m t el t ’ mi —: 0 i’outn d st ’quo ’f l e o ’ , w it l u u n i t  S OS shuown o t O tiuc ’
j)I0)t.

-\ ( h i  i’d ur ug ra iu ( ,\  V U A\\’) was de’vo’lope ’d for  oliagne isis oil f a s t  re ’:oct ion tes t  data.
‘l’hi s I t  l og  n’a m a u ’ -  ages m’ ;m w :le’(’ o ’ h u  ‘re)me’(e’ i’ e)u tpu ( s  10 ) , ’ Ii v o ’ —see’ond pc t’iods , :10(1 SaVt ’S
t h u ‘ s o ’  5 rfloo )( l i t  ‘oh un  l i i i ’ s  to at :mnda i’oI dat: i  f i l  c’s fo i m’ p I u t t i n g .  ‘I ’he ’ p m ’ o ) g r an m al So save’s
1 ~ otho ‘r i ; o  m ’iab l  i - a , sam j ) I  o’d it  th e iii id—p o in t s  oil t lm o’  5—se’ c e mnu d in t e  m’u’:i h s . ‘l’hc’ o( he’ i’
i a  ri ~I l ) l  0- s  inc lu d t ’  m muo’ase i  I ’ , ‘ol t o ’ m l ) t ’  t ’a tcm m’ o ’s , I~S( ; i’ot tø i ’ — t o i — e a t i ( ~ gaps , anol t o_ ’m p e ’t’ ate u t’cs
pr o ‘d ic (o ‘oh l iv  softwa m ’ t ’ th e ’ rma I rn oxle ’l a . ‘ I ’ luo’ -\ VU ,‘\\V p rug ma m was used fo i’ (k’ v e ’I empme’ n (
:on d vt n ’i f i c:I t  ion of fas t  l’ t ’ : i ( ’t l o ) f l  seif ’ twa n’ o - .
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2 . -I , 2 . 9 ,‘\sse’iuihl tm’  I )e’vi ‘ho pme’mmt

I N  t - So i l twa m o  ‘ i h o ’ v o ’ I o p t u i o ’ n (  was soiu u t’w lm a t l u : in u m pt ’ r t ’ d  hi t l i ’  comp l o’x i tu’ ol i ts
sU p p o l ’ t i m i L ~ :o a s , ’ m u i h u l y  h~i m u g u : u g u ’ . ‘ h ’ i mi a  h : i i m g u : i t o ’  use’s :172 3— amid ‘ I — l o ’ t t o ’ m ’  m no’mo m m i cs
toi’ Op— (’eKi o ‘5 , o ) f l ( ’  10 ) 1 ’  o’Vel’ t nmat ’h itio’ inst n ’u ct i on .  ‘l’Iuis is uumuwi e’hdh v It) I ’  SOitWa re
o h t ’ i t ’ l ol ul umemit , It was l i i i  r ’t i c u l a  t ’ht - hi t i u i t i  mug dim r ing  s e f t w :i  n o’ clm e ’ck out , whe ’nu i t  w: o s  n c’ co’ ssa my
leo scaii I l I l t ’S  of f l m n i t ’ i u i c ) n m l ( ’  ccxhc’ he ) f i n d  c i rons. It was o l c’ c id u ,’d to I m uu - t ’ s t i g : o t c ’  th e’ poSsil)i I it i ’
e) f o h e ’ u t ’ l o p J ,  tug :0 m u o ’w ’  ~i Ss ( ’ f lu I ) l  0- i ’  be fore  t ii o’ pm ’ohlcnuu a rose ’. It was fou nd to u t -  fo ’a s ib t c ’
I o ’ ~ ~, o i m i g to ) e ) u t s i d o ’  so ) u n ’ e ’ t ’ s , amud a eo) nSu h t ~im u ( ( ‘J : onue s  l ) o ’ a mu S m i t h )  w:o s no ’t :nin o’ d fe)i’
ha t l iii i’I ~ si - . ‘I ’Iu e ’ : isso ’iuubl o n ’  was ohe’ve’ lop c’d 111 t 1 1111 ’ (0 suppe) n’t t he ’  d eve’ ho i  i rn t ’nu ( sc ’he ’olu he ’ ,
t o o l  :n t i ’ : n m m s l : n t o n ’  ~ul’og m’atuu uv :u s de ’vt ’Iop t ’d fo i’ t i ’ :u mu s l a t i  tug c’oxlc I ) n’ e ’ u’ i e) us ly ( Ie ’v o ’hop o ’d on the ’

‘‘e)h (l’’ assu’ nulil t’n ’ to fl it’ rue -ut ’ :usso ’nublv I :uu u g i l : ogo . ‘ I ’ h n i s  S o f t V , ’ : on’ o ’ is  no’,v o~u e’ m ’ :m ( ion : i l .

~“Oliu e ’ I e’atin I t ’ S  e)f (lit,’ now stmftv,’a m’ e’ which nua kc ’ i t  t’Sj)c’(’i all’ usc’fLl 1 a n- c’ the
lt d  Ioitc ’i rig:

1. ‘l’he’ langu :ogo use’s only 1 1 0  mn e ’rnon ui c o)bi—cO(he’s ( v o ’r s i m s 372 iou ’ the ’  ~)r o ’t ’ie ~tms
o ss o ’ u u ibhe ’  I’ ) ,  : t r ud t lut ’ op—code ’s :n t ’e’ t r u l  nunme’rnoniC (ut’hich makes the m e asie r

h e) n’ t ’fll efl l i ) t ’ i’~.

2. ‘l i i i ’  languago ’  usc’s 21 assen ub l c’t ’ di m e e t  i ic’ s , man i’ of wlui eh we ’re ’ flo)t
:t i i i  I I  al mIt’ beTh r’e’. No ‘v, (Ii 1, 0 ‘et i i c ’S  inch uth ’ MA C U 0, which  d e f i n e s  a
mac’ n ’o — :us s o ’nu  bl~ - , anud EN ’!’ , which  dc’fi rue’s e’xto ‘ n’nal labels .

3, Tho’ :issc’mblc’ m ’ go ‘fl t ’n’:i ( e ’S ie ’ — locat :nbl e’ nuodu It’s , wlu i ch c~otu lx liii ked and
toad ’ ‘ii b~’ (ho ’  I i nu kin g b r ide  i’ j u n ’c)gram. This pc ’rtu’mi tS n io d imla  m i  zation of
t h o ’  S \’St  t’fll seiftwa i t ’  Sc) t h a t  o)ne ’ n mo du he’ can be mmdiii cd wit  hout n’ o ’ —
: o s s u  ‘mb ) i im ’og tlu o ‘ e’nti  m’ c ’ pm’ e)gi’:l m.

‘l im o’ : o  as ’ ‘mlii e r’ is de curne’nte’d 1mm t h e  foh lowing pu b lication s whu ic ’h u we i’e I ) r c ’ b ) a l ( ’ ( I
dii m’i ng t iii S l’t’po t’t I ng l i t ’  n ’ i c x i .  -

-

1 . ( ‘ 7 ) ; - h i S - i  201 , ‘‘MI(’ Ut I N ,-\ss c’mhle’i’ [ ‘sc’m’’ s Manua l , ‘‘ l)o ’c 1976

2. (‘7 ; I I  -5 ’, 201 , ‘‘ M I ( ’ U (  )N A sst ’nu blo ’i ’  l ) e ’s ig n  I )oc ’unut ’iut , Dec 197( 1
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TIME IN SECONDS

l- ’it , uurc si. I- ’ nc’t uo l e ’m’ lit’~i (l o)1ut l)im ring ‘h’ ut’nu:i round

:; , ‘7 o ;— 1 I ~o ; 20)1 , ‘‘Ml (’1~,()N \Ir i cm ’om As s o- n oilt i ci ’: M l(’R ( ON , \ s s e ’n u l i l e ’m ’  l , anugc u : i i ~e-
l)o ’ fin uiti o un U u ’lo- n’ o’nc’e’ M:inual , ‘ ‘  l ) e ’c ’  1970

i .  ( ‘ 7 i ; — 1  I ” -7 2 ) ) l , ‘ ‘ \ l l ( ’H i  ON , \ s s e ’ n u u b o l o ’ n ’  h n t e i ’p i ’ e ’ tc i’ l ) e ’ s c ’ i ’ i p t i o nu  ‘o l : o m u t n r i l ,
I I o ’ ’ I i T ;

(‘7i ;— 1 1  ‘201 , ‘‘M R’W ~~~ l , i n k i n g  I , o : oo l e ’ r  l ) t ’ a c m ’ i p l i o o n u  l ) o u c ’ e i n u ’ i e ’ u u t , ‘‘ l)ec’ 197 ;

(‘ 7 o — I  I ~9 2 0 ) 1 , ‘ ‘ M I ( ’ I ( (  IN .‘~ l t a o m l i t t e ’  ‘ l i i ~~t ’ l° un u ch I ) o ’ s e ’ n ’ i p t i o u t u  l ) oe ’ut m u c nt ,
lji -o ’  I 7 ;

2 . I , :; I- l~ \ l  Sv~ t u ’ umi  l ) a ) : o  , \ n : o l ~’ s i s

‘i ’his In sb c ut - no ; ;  olcict ed from the  c’omut r ;oct per R efere nce ‘
~~.

1~~l
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2..> I AH\ 1 . , IN ’h ’F ’ ( IL -Vl ’I (  ON

Thu e pa ‘l~~iso ’ of I h i s  ( r i s k  was 1 c m  in l egm’ a t o ’  ( l i t ’  E I ° \ l  t o  o ’ st a h h i s h  o’ o mu u p r i t  j l ) i l i l y ’and
o ’~p o ’ i ’ : l l i o I i 1 V  o~l t I m , ’  I N I , I N I l t , l I t ’ , (‘I)t’ , ~

‘I ’
~ , : u nuo h  soI’t w~ o o’€’ i n  :o (’c ’ul ’olrmn m c ’o ’ wif lu (hue’ t eSt

p t r i t u  o h -i o ’ I ~~j r d  i m i  ‘ I : i s l ~ 2 . I .  ‘ h ’ hm i s  ) o s )  in ~_~ a lso inue ’ I iud o ’ cI  t w o  dc ’ n u otm st  rat io n u l u r o u i ~~: ot  i o m u
runs  is o i l  m irth 1mm t l ’o o ’ ~t : o t o ’ u u o ’ mut  oi l \V om ’k , h > an’ :i 1. 1 . ~m ,

\ s i um iut u mno ru  o u t  t h u r  r u s k s  won’ko ’d on olin m’ing t h e  I ) r n ’ I O X l  eon, o ’ n ’ o ’ oh leo I h i s  l’ i n ~,l l’ ( ’ l tOm ’ t
is as b o lloeo ’s:

l u t o ” ~ r~il j e) li ‘h ’ ask I ):ot o’ St a m t  od Dat o ‘ (‘ emu p1 ct  (51

‘I’ o ’aI ~~o 1 u u i 1 ) u u u o ’ t u (  ( ‘ l i o ’ck oui t  7 t u i m m o ’  197~ 1 1  ‘J uno ’  197~;

l l i t o ’g i ’a t o ’ ( l  \\ ‘i l ’ in i i ~ ‘ l ’ s) 1 >  . J um ue 197~ 21 .Jun o’ 197);

I N I  ~uI s’h~omu ic - a h Inulo ’ i ’l :oco- ‘Ui ’ s) 22 .lun e 197 0 ;  22 .Jun o ’  1 9 7 0 ;

P o t i o n ’  \ ‘r n ’ i f i c a l  ion ‘I i ’ s I  22 .Ju tue 197) ; 23 .Junr 1970;

‘l ’i nu imu g a mid ~e’( 1 u o ’nu ( ’i  mi g ‘l ’ o ’si  23 .J une 197) ; 23 .J u nc’ 197( 1

I)!~! 
- ammo! ~ at em Elec t monies 24 ~Iun ( ’  1976 30 Sept 1976

\ ‘o” i ’ i f i c ’ ; n t iomu

l- ’l i g hu l  Tape (‘heckout 2-I .Jun e 19 7 ) ;  2,”u l” e’b r u u a r y  1977

Rot nI 11m g t’ J ° \ I  liii o’g m’al iomu 2 Auugu si 1970 ; 12 Augus t  1976

‘I’h emniia I (‘ont i’oI l est s 30 August  197 0 ;  30 Sept 1970 ;

BITE \ ‘ o ’ n ’ i f i c ’ a t i on  ~~ ~~
, p~ 1976 2 0 )( ‘t 197);

Spin M l u t t ) n ’  ~ i ’ i’t conies (‘h o’ckoul 2 Oef 1 9 7 O  12 Oct 197(;

M t ’ M  I) i ’tu mod and ,\ I )  (‘ on u vi ’ i ’ t e i ’  11 Oct 1976 2 1 Oct 1976
Checkout

Rot r ot i lug l , -\ U lot ego - ro t  ion ‘12 0 k t  11) 7) ; 30 Oct 197( 1

F , I . \  \ ‘ eo’ i f i c ’ a t i on  i : i ( k’ l 197 ; 29 Oct 1976

I”:st Wa mmi i - — o i l ) I I a l t o ( - - ‘ (- koh l 1 0 1  ( )ct 1976 19 ( )ct 1976

Sv s t t ’m  (‘ompu l  - 1 ’ O I l ’  a i t  0 0 1  21 0th 1970; 25 Oct 197’;
ut -ith out (‘tint u 0d 1> : i o i ’

M ~TSG \ o ’ i ’  i h eat ium u 27 ( )c’t 1976 -S N e u ’, 1976

( ‘ : o h i bz ’a t  ion and N a i i ~~: o h i o n m  3 Not - 197 ) ;  19 I)os’ 1970;
Softwa m u ’  ( ‘ I mo ’ cko t mt

(‘ a l i h u m ’at lon u \ ‘o ’  m ’ ’i f i e ’ a t  ioiu Test ing 3 l)ec 1976 11 I )o’e’ 197);

l n i t i : i l i / ; o ) i o ) n , ,- \ l i g m u n i o m u t  and 21 l) o ’c 197) 1 :to h) ec’ 197( 1
N : m u - i grit ion \ ‘e m’i h eat iomm

Ma lt  i — I k ’a ol in g N :i v ig : m (  ion l est lug 23 h ) o ’e’ 197~; 2~ I” nbm ’u a r~’ 11)77

- \ do’t i i  it’d :occ’onmnt of ea c’hu elf l imo’ above t a sks  is g’i t ’ (’fl in  t he  1( 11 l0)Wi rIg pa I-ag mn m phs .
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2. - o . I lo st l o j ; o n ~~m c ’ n t_ ( ‘ } m c e ’ l s u o t n t

l i o ’ , ’ l ’ ro o o u t  no m id i m i t o ’ ’,_~u ’ ; o t i oh t u b ’ t l i t ’  I , 1° \ I 0 11 0 1 r oss ’ uc o: o to’ I t o ’s) o ’o ; i o i  p o o h  - l o t  u i ; o  lo u

fl u 7 - t o n i , ’  1 ) 7

I ) o l m ’ i m i ~ t l i o ’  t ’ h e ’ o ’ h i u o u t  ‘ i f ’ t l i o ’  I PM ‘ I t ’ s )  ( ‘ oo m ’ u s ’ ’ I o - , r o l l  t o - s t  o - ’ 0 i i o 1 m m n o o ’ m i t  t u m o o ’ t i o i u i s  : o t n o l
e ’ : o h l i n r ~ w e t ’’ ’ vc ’i ’ I I j o ’ I .  (‘ oo m i o ’ o o i ’ i ’ o ’ m1I ~ v , r o l l  t he ’  n o p l o l i e : o l o h e ’  o I n ’ : o t i ’ i m o r , ~s \~ o - r e ’ c ’ h o ’ o ’ k e ’ o l  ; o n I
r t ’ o l  I i m m o ’ o i  .o s  n o p p u ’ o ) ~u u ’ i r o t o ’ . Hit ’ ‘ h ’ t ’~’t ( ‘ o o n s , i h ’  c l i e c k o u o u t  u t ’ ; o s  o ’ o t m i o p l o ’ h i ’ i l  c o n  I I - l o i n e  1 9 7 4 ,

2. - . 2  l 0 1 0 0 - i , L l’ , o t t ’ , h  \\ i u ’ i m m r ~ l o s (

( i l l  1 , o  - l  l i m i t ’  t he ’  I I ’M n i o t n i  — u ’ o i t n o t  i mui ~ I i o n i s i n o i &  u u ’r os ‘o ’er  I u ’ o ’ o l  t o o  t l o o ’  I o i t e n ~ 0’: ) ‘ 0 0  no ner o
Ion  e ’lu o’o’l s u u tit n o ~i o j  S i i l o 5 i ’ t l h l o ’ f l l  s\’ a te t o )  i l ) t e i 4 n ’ n o t i o o m u ,

,\ s  d c ’ l i u i e ’ o l  hi ( l i t ’  M R ’ U (  oN h -; h’M Iu itc ’gmrot iot nn ‘l o st l’Intmi , ( ‘ 7 0 ; — ,, UI 2 4 ) 1 , the ’  t i m ’ st
t : i s i~ o u n i o l e ’ n ’ t n o k e ’ m u  \ \ n o s  t o t  u o ’ i’it y n i l !  s i 0 ~, io : o l  p :otl is . ,-\ o loli t i o , m i noll y , r o l l  si~,~u nn o I  i t n o t h s  t u n e

r o t ’,  - k o  ‘ i t  l o o t ’  j —‘ 
, o l i t  i om fl t m’ ou010  ( m m m c ’  no f l o u t  he ’ m ’ , I ’ m , 00 ) 1  ( l i i ’  I N  I - lii  O t i S  i t i o ~, n o mi d  ( I ’ , o t ul t h e ’  n i  0 000 1 0 1

p : o u i is  . l ’h c  s, ’ to ’ ”) s ii o ’ I ’ t’ p0’ n’l ’o t n ’ m i i o ’ o l  w i t h  the ’  F I 0 M  t N t ’  h t i u s i m m g  : o u o o l  :opp n’ o o pi’ i n o t u ’  c roW inio , ~
no m i l  t o ’  ,~t o ‘ c j ; i  i p n u l o  - m i t  c o u n i m i o ’ c t o ’ o  I. \Vh e ’n r o l l  c i  l’ c iu i t s  h :o oh bee n cIieel~o ’i I , (ho ,’ IN t - l u s t  mu g
~‘ is  n o )  i_ t m ’ m o o’ I t o D o t ’  i t i  r o m o ’ ,~ no ne r o o m n i  I ~ h i n t ’  t u t u ’  n i e ’ c ’e s s no  l ’t ’  (‘(in’ l’e’ct iotos roo d o u r  no l o l i t i o m u m s ,

\\ i t ’ i meo ~ c’u n ’n’c’e t i o o is  \vc ’n ’ c ’ roe ’c’ o o u i o p I i s h o ’ d  : o m i o l  ( l ie  I N I  I l o t u s i n g  t i n t s  noo, ~n o i n  m’ c ’c o ’  i t - c’; !
i l l  t oo ’  i m 1 t e ’ L ~u ’ o t  1 0 011  no m ’ o ’ n O  o m m i  2 1 - i u n i o ’  . ‘j I b ’ o’o l ’ u ’ c ’ e t i o  ‘us t i c ’  m ’ o_ ’ u ’  n’i I ’i c ’d n o m u o l  n o m o ’ g o t h n u ’ o n o o o ’ t t ’  t ’

t i n t — ’  o n s i ’ I t o m  Vt ’ i ’ i t y  j s o , l ; o t i i o o o  oh ( l i e ’  l o i g I i — \ o u l t r o u , 9 ’ c i r c u i t s .

1. “
, 3 ( N t ’  ~o I i - e ’ t i n i m u i o ’ no ! I m i t e ’ i ’ f n o c t ’  ‘l o st

,\ o o i ’ o ’ I i n o o o i o - n o h  l ’ i (  c lue ’ek u t - n o s  o ’ o o u o u p l e ’ to ’ d  ‘o n 22 J a u n t ’ . ‘I ’ m , s  i n c ’ l u — I o ’ ’I e ’ l i e ’ < ’ L i m o g
u o o t ’ o ’ I o : o n i o ’ n o l  t ’ o i u ’o p n o t i l u i h i t v  t i  ( l i t ’  I N ( ’  l u o o o u s i m i g  : o n m o l  the ’ ‘ h o ’ t ’ t m ’ o i n i c  m i o o u o l i u l i ’s , t l i o ’  i u i o ’ n t i n o l
D o — )  1 0 1 0 , - n )  — , D i ’  l , \’ b )  r i n d  u i m o o n m m t , n o n i o l  n i l !  t ’ n o i ,o l i m o g  o no ot  p r t ’t ’ i o a) S i l ’  ~‘he ’c ’ko ’c1.

2 . .~u . I l ’ ott’e ’ u ’ \ ‘ i ’ r i t n c ’ n o t i o u u u  l o s t

l ’ u ’ j i i ’  t o m  ~m o ’ i ’ l ~ m i ’ m r o i m i g ( l ie ’  I ° o o t t t ’ r  \ ‘ o ’ n i l ’ i r  ‘ t o i t i ‘I ’ c ’s t s , ho ’ c o o m ’ ? ’ o’c( i o p t ’ r n o t i o m i  od ’ r o l l
o’ ounuu p u o ul o ’lot s imo )o’ gu ’ : oI it i t l i  the ’  I N )  - l l t t u s i n i g  v vc’ u’ii i o’ l . ‘l ’lu e’se’ te ’st s  i n c h i o h e ’ o l  c ’Iue ’e’ l - r in g
t l u o ’  po~ i t ’  m o - t r o t’s n i t i o i  t he ’  i - u m i m i i m m g  t i m e ’  n u o c ’ t e ’ r .  ,-\ t  t h i s  p o m i m i t , 10))  I I , , :u~ po~it’o’r ou n o s

n o ; u p l i o ’ ’ l  l o t  ( t o o ’  su ’ -~) i - m o u  i t o ’ f o t i ’ e ’ n o u n ’,’ t ub  ( l i t ’  l lo ttt ’t’ i ’ sb i I ) p lt ’ n i i o x l u l c ’ s ut ’ c’ o’c’ i t u a t n i l l c ’ o l .  ‘l ’he ’
V ‘-~t o - no u t n o s  i u o n o  n o i r o  l I t ’  (U liii ‘ 1  ommu :011 ( 1 ( l ie u ’ , ’ sc on c e ’ ( O h t he  J ) ) ) 0  I I ,  poit’ t ’ r a ( ( lit ’ b ) t’ oi Pt ’ I ’

o ’ , u m i m i u ’ o ’ t u o r s  it-as i t ’  t ’ i f  10 01 .

~V i t h  th o ’ po ti o n’ ‘ ‘ f l , t Ime ’ t l i i ’ t ’o ’ ( ) o mtt’ t ’I ’ S ) u I ) h ) I ’ ,’ i l i o ) c h u i l t ’ s  \ u o ’ m ’ t ’ j n s t n i l l e ’ i h .  \V i t l u  (lii ’
— V  sI ,  no T I , t i lt m ’ , ’ t u o n o  j m io lo ’  u ’ ou t ’ th e ’ esm ~i nio ’c ’tou ’ ,a l I t ’  1, 0 ’  ciic ’c’kc ’,l to ) ye ’ m t i ’ v (lie ’ i- oi l t n  go ’s  n o t  ( l i t ’
fh )I)r’ i l o i ’ i n l t c ’  1) 1 1 0 —i . I m i :o ol o h it i o i m m , a l l  t im e c o u m m i m e ’ c t o t t ’ s ut ’t ’ro ’ c i ic ’ck e ’oI  too  f i n  i’tli e’r l o s u n ’ t ’ t h a t

n o ’ 
~ 

o ,t 0 ’  ~
‘ iu no a r i p ~m l i c c h  U , no p in  h u t  i l i t c ’ l i o l c ’ ( l  lot’ t h a t  p i n n ’ J ) u ) s o ’ .

no l o n o r ’t , f  t i n ’  P ot ’,’, -e ’ r \ i ’ n i l i o ’ ; o t u o o m o  ~~~~~~ t l i o ’  t l m g l ,  \ ‘ o u l t : o i , ’ o ’  ~ o i pp I ’, ’ tin s in mst noll e’ d
an d ( ‘ IOO ’ ( ’ ko ’ oI  (~~t i  I~~’’~Pe~’ o p o ’ n ’ r o t i c t m i .  ‘ l ’ i u c ’  I ‘oowo ’ z’ \ ‘t ’z’ i t ’ i c ’ n o l i o u u  i o ’~~t ui’e rc ’ ( ‘ t ) m ) u ( ) I e ’ ( c ’ o l  0 m b

- J o o r i o ’  1

: 0 . - u I t m o i i o o ~~j o u o o I  5~ O ( oi ( ’ f l t ’ i I~~~ I o ’ S t

‘l ’ i , i o n m u o , ~ n o n , ! 5o’ o ~o u , ’ n o t ’ i h m g  ~‘o ’ m ’ i t ’ i r r o l i u n  l ’ o ’ ,s t ,s tvc ’I ’ (’ l t o ’ g u u n u  i i i  p m ’ o p n o n ’n o t i o a i  h o u r ’  I ) l ’ t ’
\ i ’ m ’ i t ’ t e ’ n i t i t u i i . l O t , -  ‘ I ’ i i i u i m n g  n o m i o l  So ’que ’tm c ’in g i \ l o u o b u h e , S I - I t  I No > . 3, ut -a s i m i s t n i l lo ’t l  n i n o l  (lit ’
— m o 4 7 0 n o  ! ,‘.o ~ u ‘no n ’ - , ) , -  I by t h i s  n o o u d n o l t ’  \u - i ’ r o ’  i t ’  n’i l ’ i o ’ o I .  ‘l iii  s t ask  it is  :o o’o’ it m i i p li slio ’o l on

J u n o ’  h o  ‘ i , ,

183
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2. ~~. o ;  I 0 ’ t  : o n i o l  Su’s tu ’no I I o ’ e ’ t t ’ c i n i i e ’ s  \ i ’ m ’ j t u i ’ n o t i o o n m

( 0 11 2 0  - I o n i c ’ , l ) t ’ I  v o ’ i ’ i t ’ i o ’ n o h i , m i u  was  i n o i t i : o t o ’ o l .  ‘ I ’ l i t ’  t i n ’ s )  o o I t ) i ’ o ’ ( j V i ’  t u n i s  I t t  sou ’ce ’sst ’o o h l v
l ’ o : o d  n o m i o l  , ‘ \, - o - ; i ) o ’  t l o o ’  S o ’ I t  l o s )  I t n~o o g i : i no . I ho ’  I i i ’ n i u n o u ’ v  pi ’ t o t u l o ’ i u i  o ’ u u ’ , u o u o u t , ’ r e o l  t i n t s  t he
n o ‘is o ’ li u’ o ’ h  ni ~~o ‘ m o o ’ o h  ( t o o’ e ’ m i t t  c n o l  so g o o n ,  I f l o u t ’ s .  I I , o s  p m’ u t h l o ’  m a ut - no s ec ,r o ’enl o ’ °  ri p’o rI
l iv  ~l )  u ’ I i o o o i o o : o t i o o g  gu’ o o i o i l lo o ps i u i t i ’ o t o l o u o , ’ o ’ o l  t v l i o ’ nu  o u s i n u g  n o u o x i l i n o i ’ u ’ t o ’ s )  o ’ t h o u i p o n o e ’ m u t  to t  ,a t u i l u ’
t i n ’  ~ I ’ o o , o l s , 2 o  i s o i l n o t i n g  u ’ r , n ’ i o a i s  s i g o o : o l  l i n t ’ s  t o o  u ’ I i m u i i n m n t ( o ’  1 0 0 0 0 5 , ’  p i c h — o u I m , n o m u o l  I 3 )
ii i —i i l l  s i g n -  1 O h i o ’ s  i’, i t  h n o  g m’ i on ,  I l i i i ’ ’  ‘ ‘ i  i ’ m ’  i t s  - ‘ o i l  h o ’  l o ’ i m g ’th

I t o , ’  o ’ n i t i i ’ o ’ n o o o u u i t h  o i l  - h i l t ’  tu n i s o ! t ’ v o o l t ’ d  o ’ n i t i m ’ c ’ I v  to DPI  - \ ‘o ’ t ’ i t i e n o t i o m i . ‘l ine mo on  f r u r
o l o l o ’ u m u  I o o ’ i m o g ’t i n ’ I , o ’ l  t i n t s  t I n ’  i m m o b i l i t y  l o u s u c e ’ o ’ s s h i o l h v  i ’u u u i  ( l i t ’  ( ‘ I ’ I ’  s o ’ l t — tt ’~ t pi ’o i g m ’ o l ul

ou mi ( l i i ’  I - I ’ \ I , u’,h i e’ I i  t o ’ i ’ j h j , ’ s  ( ‘ I ’ )  o t p o ’ t ’ n o t i o i t i  : o n m o l  e o , n i o n i i t t m o i r n o t i o m l u  u t i t l i  t h i u ’  l n i ’ m o u u ’ \ ’ .

I ’ h o ’  t i m — s t  pm ’ o o I u b o ’ m o o  I ) , ’ h i ’ ol  t u : o s  o ’ I o ’ o ’ t i ’ i c n o l  n o i S e  o t n i  ( l i t ’  gn’ o o uomu o l  ‘ n u t s o g o i : o l  h i m u t ’ s .
Dv o ’ l i u i i i t i r o t i m o g  g n u - r n - I  I te_ hno t u ’ osl oue t ’ I i’,’henu l o s i n g  n i u x i l i r o  my t o ’ s t  e ’ o l i u i p n o i t ’ m u t , i s o o h n o t i m o g
s i r,~ o :i I l i n o o ’ s  I i  n u i  m a m m n i ~~i ’ u i o o )  ~~i’  p h chap ,  no to o l t o ’  n i l’ u ’ imu g  ( l i n t  ( lie ’ i o n ’  o ’g i t in )  I ‘-u ’ s t o , in gn ’ o i u o m m o h i  t og

ne ’ i to s ‘ p I l l i o n  n o , ) i - ‘ I i  ‘ t I  I I  ca l m i o u l  so - t i - no s s i g n  t I n  c ’ no n t I s ’  m ’ o ’ o lu i c e ’ d  b out  ( l ie ’  si ll ’ — t o ’ s ) ,
0’ g I n o  n o u v o , u u l d  — 0 1 1 1  o i l  n - o i l  -

At ( l i l a  ( l i m o , - , n o n  : o l t o - u ’ o o : o t o ’  i m i n o l i  t i n t s  i n s t i t o i t e ’ o h  too re ’p l nocc ’  t’uuoi o’ t oooo is , s i g n n o h s  n o u m o l
ta h it i’ S a U l ’ t  o i l  I o u ’ t t ic ’  I I ‘\I c ’ o u n u o p t m t m e ’ n t  a no n i o l  n i s  o ’lon—n ’ no ~ possi l o b ’  o lin ~ih ir a te  ( l ie ’  ( ‘ I ‘I -

I o o’o ì eh b u t  0 , 4  0 ’ ’ o u o t i g u o o ’ ni ( ioi o i . \°e’ l ( l i  o i ~ n o n  e ’xt e ’ m ’ m i n o l  c ’ t u n t i m e ’ i ’ e ’ i n i l  eo tn ’ o ’ n i o ’ n u i o u i ’ v , o2  ron
i ’ \ t o ’  m ’ u o n o l  o o ’ — i - i l l n t t o t ’ p u ’ o o u ’ i d i n i g the ’  9 M I  I , , ‘h ’.o u u extc’u ’nn d — ‘~u u- ol e ’  so u l ) P l ’o ’ h u n  (lit’ ( ‘  I ’ t ’ , r i nd
O I i  I e o - p . i s s  lu g  t he  ( ‘ 1 ) 1  M t ’ u u m o r v  .- \ o l n o ; u I C u ’ , s a c r o ’s s f o i l  n ’ u m m n u i n g  t u f  t l i o ’  s c ’ h l t t ’ s l  pm’ t i gl’ no ni
tu nis :oo’(’ot no l ) hi , sI o o ’ol otum t o ;  - t u f t  1976 .

I ; i t . ’: , i ’ : i ) i ’ o u of ’ t he  ( ‘ I I I  - M e ’m i o o i r v  . \ o l n i p ( o ’ u ’  t in t s i ) e guu i  0) 11 I t ;  - J u l y .  ‘I ’ !i is el ’f ’o ’in t
o ’ o - ; i r  ~e o o - t  th m ’ ’’uug lu 22 .t a l y .  It  w n o  s l’o o o u u i o l  ( l i n t  n u c o i s c ’  outu  the ( ‘ 1) 1  - \l e ’m mi oor ~’ .\ohropte’r pouvt’n’

— o o p u h i o ’ ”  u n  s e ’ ’ o o i j o l i n g  i m u t o t  t t u o ’  a i g m i : o l s  omu t iu c I 0 )  r o t m o l  sup lmo i’ t  n i o d u i h e ’s .  (u’ t h r o n g i n g
l o u  - ‘ n - ’ o o i n i d  \‘ h o ’  h o g  t o o t  l i i i  ( t o o ’  ( ‘  I I I  \ k ’nu ’  o u t ’  ,-\ dr op te ’r  J 00 0 tl c’ i ’ S b i p l o l u ’ , ( lot , ’ a o l  ( ‘ — t e a t  pn’ ogx’nl mu
i t ’  o l u l  i T t  it ( t o  I lie’ (‘ jo b ’ ‘t I , ’  n i uo  o V \ o l n o p t e ’  i’ c ou m u tu o ’ c t i ’ d (on ( lie ’ b - h~ \I r om ’ool (lit ’ 1 ( ) n o n o l  suppo rt
0 1 , ou o l oIt’ ~ m n i — t i h b u - o l .

s no u - u ‘ so i l I ‘‘1 ( l i t ’  to o  iso’ I t ’  u ’c ’h a o t l m s o ’  n ’ u ’ e ’o l o o nm so t i n , ’  o ) t ’ t I m e ’  s i gmi n o  I I inc ’s , th e ’ o h e s i  gl i
‘ o h  - o I l  1 i ,  o ’ ; o l m l i ’ s  o ’ , o j ’ t ’ i ’ io ug ( l o t ’  e ’ i ’ i t i c ’ n o l  s i g u i n o l s  t i n t s  re ’u ’ie ’t t’ e’d. 0mm t ime ’  b a s i s  ot ’ t h is
u ’ ’ ’ u’ j o  - , i t  t i n t s  de ’c ’iole ’i l t o o n o o t o d i t ’v ( l i t ’  a l t o  me ’ cable ut’ l mi c lm t’ on’n u u e ’ c ( e o l  (lie Processor (‘untro d
I ‘no nm ’l ) ‘ l u  - ( ‘ I ) !  Mo ‘ t o o ,  cv ,\ t i n t  j i k ’  m ’ J o y  t i i i  at i m i g e’ r o t ’li h ue ’ monv  n m old r c ’  ss , me ’u u uo rv  input ,
tr o d n o ’  1 1 0 0 0 t ’ t ’  o m o u l  1ao t  l i m o ,  u t ’ i t h i  a si ’~o , o n ’ : o ) o ’  g r ou u h ic l  l in t ’ . ‘(‘ l i la  i ’ n o l ) I t ’  m m i o ) o h i l i t ’ n o t i O r u  t u n i s

l , o  - g i n o  ton i  23 - I oh ’ ,

In s p i t ’ l .t o - o n i o ’ t ’ n i t r ’ n o t c ’ J o ’ l ’ t ’or t , c o ) n ( i m o u c ) u n s  m - o o u m n u i n m g tIme ’  s e ’ I l — t e ’ s t  pn’ o u g m ’ n o n i u  11511mg ’
t ! o i ’  ‘~‘I ~O I S -9  n 0 0 0 ’ 1 0 0 0 0 l ’ o ,’ ( ‘i ) u i l ( I  mi t ) t  be ’ n o e ’ O ,,’i ’t t u i l ) l i s l i o ’ ( l .  ( I t o  26 . u I t ’ , ( l i t ’  o l c ’ e ’ i s i o m i  t t ’n os n o i r o c l c ’
1 p n ’ , ’ t ’ o - e I tu t u  o -  - g i ’ - i t i o ’ i u  i i s h o o g  ( lie ’ o ’ x t o ’ n ’ u i n o l  c i i t i i u i i o ’ t ’ e n n o l  coml ’ e n n u o ’ m i i o o n y  r o o d  i m m u ’ € ’s(i grot c ’
t h i o -  “ I  \ l~ 0 m n o , ’ 0 0 0 0 0 u ’ t- i t n o o t i l o o i ’  toto o ’u u ( l ie ’  N 7 3  F l°M s t a t i on I i o ’ g : o o o  o o u t e r , r n ’ n o l o o t i . t h i s
i ’ ’  o ; o i d h’ ’ - -  t o  - I I~ M I t ’  t M o i c k o n J i  t o t  l i e ’ o o s i ’  I I t o  s o o t  \ o ’ I I me ’ SI MS — 9  pi ’olm le ’ni .

l m m t o ’ g  m o  10  T o  ‘‘ ‘ n o t  i n o u e ’ o l  ii I t I n  t he  s I i ( ’ ( ’ ( ’  ~~~ o ul in (’o m m’ l ‘ ‘ m o ) 0 011 0 -~ r o l l  I i ,  I mitt’ r h in o I h) t ) \t’ e’t’
suppli e s ooo I t O o , ’ 0 \ Il t , shgui ni l buo ’i mi g sou l )l )li e ’ol liv SI- I’ 1 .

on 27 -! ti  u ’ , ( l i t ’  n o o ’ o o l i t l o ’  I n - n :  l o b  - ut - no a e ’ o u u i u l ) h i ’ t - e o I  no t o o l  I o s h o l  I o ’ o l  l i i  t Ime ’  I - : I ’M.  ,\s a
m’ o - ’~’ o I )  o mi  l imo ’  i o n i j o m ’ o o t  o ’ i l t r u u m s n m o i s s i o t m  1 1 1 1 0 ’ s , s o m o ’ c ’ o ’ s s f u o l  o o b o u ’ i’ r o t i u u u u  w i t h  t h i t -  S I , M S — 9  um u e ’ hm u oi ’ v
i t - n o s r o r o ’ o u m l i l ) h i S l f l ’ o I .  I ) I ’ t ’  o u ’ m ’ i l i o ’ n o t i o o n u  e ’ o m n t i n u o m t ’ c I  t i - i lbo  s u o ’ o ’ o ’ s a t o m l  ‘ I I I ’  a m m u l  I ’ m ’ i t u tc ’t ’
o l i l t - n - i t  l o oru , l i i i  a ‘ ( I  0 n t  ut - no s o ’ s s i ’ i n f  m o  l b  u ’ c’ o m o i p he ’ ( o ’  ommm 30 ) -J uol  v .  I t  “ d i i i o i l o l  be ’ ui o t e ’oI 1 b u n t

1l’O I
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e ’ I J  n o b  I ’ m ’ i n i l t ’ m ’  t n i l o ’ g i ’ n i l i o o n m  l’o ’t I t i I t ’ o ’ h s i u o -e’ o ’ s s f u o l  u s o ’  0 01 s o ’ I o ’ c t o ’ d  j m m m ’ ( io u um s oh  ( l i t -  I - . t’ \I
I - l i g h t  I ’ n ’ og u’ n o u m m .  ‘ I ’ I m o ’  I n st l t n ’ i m b m b o ’ n m  o ’ i u e t u u i m m t o ’ m ’ o ’ oI  u t ’ i thu  t I m e ’  ( ‘ I ) )  - i n i t e ’ g l ’ ; t t i o m m i  m i i n o m i i t o ’ s t o ’ o l

I t ~ e ’ I f  O s  u o ’ t ’ t ’  u k ’’ 0 , 1 ) 1 ’  i l i a i i l r o ’ o ’s r i n d  n ’ n o u i , l o , n i o  i n u c h i c n o t i o n s  o i l  no u m u i r m t c ’ m n ( D n n : o I  d r o t n o  t r ’ n o n o 5 —
t o ’  m’ ( t u t u  t I m , ’  ( - J O  t o o  ( l i t ’  sy —~t i’ uo u . ‘ I ’ I i i  ‘ pi’ m b u l i ’  no n- - i t ie ’  n’ ’ sou l t o o l  by u o p t i  n uu I / hog ( b u t ’  ( ‘ I) )  

- 
—

I- ’ I’  \ I  g ’ o ; o l o  i l i m o g  no u u o l  by n o o l o h i u i g  0 li t ’ ,  0 ) 0 1 ) 1  i m u g t n t  I ) t t e l t o i t ’ s too  tb i t ’  ( ‘ I ) )  ‘ ‘ ‘ I ,  ‘e t r ’ tmhm i i ’ s h u u n o  i’ (IS

On 3 ,\ u i g o u s t , m t m t o ’ g i ’ n n t i o o n i  oo t ( l o t ’  S i g n i n o l  ( ; o ’ i u e ’ i ’ r o t o m t ’  n o i u o l  \ I o ’ m u m o u i ’ u’ \ l o o h o n h i ’ , SI- I l - N o u . I ,
i t h ( l i  ( l o t ’  I - PM l I o t  M u c k — t o p  i t r o s  I o o ’ g o i u i .  It u t n o s  l o t o m n o l  ( I n t l  the ’  I - P”ul l ” h i g b i t  I ’ n ’ o u g m ’ n i m m u  ut’ooold
h o o t  m’oun m it horn (lie’ ; I I h i  iu i t e ’ i ’ m ’ oop (  i t r o s  u I  b o u t t e i l  t o t  i u m i t  i r o ( 0 ’  no o l r o t n o  t m ’ n o m m s l o ’  m ’ f ’ m ’ t o m  (lie’
I ’ r o o o ’ , ’ s s o o t ’  I m o p o u t  I O o i t p o u t  I ’ d c i , i o i l c ’  i n u t o  t I n ’  ( ‘ im m n p o t h ’ i ’  ‘u l o ’ m n o u i ’ u’ . ~°o°’b1 i l e  i i u o o ’ ,a I t g ; o t imi g  t h i n
61 l l i  i t u t o ’ i ’ i’ i ip t  p m’ o l m b t ’ t m o  r o n u o l  o l u o i ’ i t m g  I n ’i ’ lo o l s  oh m muimu i nmal avatem una not ’t i u’itt ’ in (lila no n ’ o ’ n o
o thu -u ’ J ) o t m ’ t i o ) I i s  oil ~l J  N o t . I i m u t e ’ g m n o t i o ) u u  tt’e’l ’e n t c ’ r o u n u o p l i s h ( ’ o I .  ‘l Ime ’ S I X )  o h i se re ’ t e ’  o mp o ’o ’ no —

t i o o n  t i n t s  i o - i ’ I t i t ’ o l .  ‘ I ’ I i t ’  ( ‘ o m m i i l ) o u t o ’ m ’  c ’ uu t i t i ’ o m h l t ’ , I  r i m t o r  h i l ’ to d ’l’ t i u i i i m i g  S O ’ ( f o m O _ ’hi ( ’t ’ r o s  u u i ’ h h  a s
( b o o ’  s o o , r m u n o l  0000 t l )olfs , i. o ’ , ,  l o t  k I t , , P1 N pps , e t c . ,  i te m ~ l s o u  i o ’ i ’ i l ’io ’ o i .  ‘ J ’h o- ,ao ’ t’ o’,’ i f i c ’ n o —
(I on s  \ t o ’ i ’ o ’ (‘ , t n i i 1 ) h e ’ t o ’ o l  l i v  10 ,-t~o u g t i s t .

, \ f ( t ’ i ’  i u u ( e ’ g n ’ r o t i o o t i  o m f  the’ i’ o t t r o t i t u g  1- I I ’M n i s  i’e’ po ) i ’ t ( ’o l  iii P n t n ’ r o  2. o . a , ‘I ’ om o ’mu 0 ) f f ’ ( O n
So ’eloii ,’nct’ ic’ t ’ i t i e ’ noIi ’’ n o tu nos re suruuo ’oI co m m I t ;  , \ o u g o u s t . ‘l ’ti i’ I)r oble ’ m ) i 0) 1’ (iii ’ P1 ( 1 m o dule ’
l m o ’ t  oo ~oo ’nro t t n i g  s o o e ’ o , ’ c ’ s s t u o l l y  m u  the ’  DM. \  \ I o o o l e ’ , n a  ok ’st ’n ’ibt- d e ’ n o i ’ I i c ’ n ’ , tin s n uuu t ’ no t t n i c - k & ’d.
A m u  i u u h ’n u s i i  e’ t e s t  e ’fI ’oi’( it - nos i m u i t i r o t e o l  r o o t !  c ’o iu ( inu ae o l  o i u m t i l  t im e p r o hbc ’n n  tuna jsu ,lrot e ’ol ro o d
c o o m ’ i ’ o ’t ’ t i t ’ t ’ : o c ( j o o u u  ( r oke ’n i .  m u  s u m i i t u o r o i ’ v , ( lit ’ p r o ) I ) I t ’n i  o ’ no im be’ stntt t ’ch n o s  t1 t l lo tt’s: the re
tuni s no (‘no i ’r ’y—hoi m ’ n’oou i ’ b o o g i c  p n o o b b c n m o  j u n  the ’ ( ‘P t ’  in  t h n o t i f  no cycle ,a tc ’r ol  i’e ’qae ’st oec : t r r o ’d
o h u n ’ i m i g  Do t ’  I n o s t  b i t  t i o u i e  of n o n  i n a t t ’u i c t i o i n  u t i ( h  no e ’ro rn v  u i t  g( ’nt ’rat c ’ ( l out  o f  the n o b le r
s h n u , i l ( n o m i t ’ t o o i s l u ’ , ( lit ’ !o og i u’ i n c o m n i ’ e ’e ’ t lv  I ino t u d ie ’d  t he  cr 0 o’n ’v h i t .  ‘ I ’ bm is  en ,  used th e  p i ’og l’ n omuu
( ‘ ouiu u i l c ’ u ’  t o o  b e  in u c n ’ o ’nm e ’n i ( t ’d  by ou ume’ too) nui non y . ‘l’lut ’ prnblc ’nu tint s suIt -eu by i f l c o ) r p oo’ n o t i f l g
no b ugle’ cl intng o - ~otu (li e’ ( ‘l ’ (  n i o u d u i c ’ . ‘l ’hia f i x  ut-a s u’e-r i t ’i cc l  on 23  ‘ t o n g u o s t .

I ) u o ml  h g  (lie’ i-otto mac’ oil ’  tlu e’ cr0 r t ’v—b oui ’ro i ’  in ivo , ’  s t igni (  ioou , no not l io ’ r lo g i c ’  pn’ub le ’n i it -no s
i d t ’ m m t i t i e’d n u b  eon’n ’ t ’c ’ t t ’ o l .  ‘~‘ l i o ’ p i ’ob ienu  ti - no a , b r i e f l y ,  t h n o t  t vl uc ’nu (bun I’ i ’oou ’ o’ ssooi ’ (‘unt r od
I’ nt no’l ti nt s in time .’ ‘‘lu nolt ’’ m o o - d o ’  r o m u o l  t u l l e ’  i t - n i t u t e o l  t o o  c o n u i m u i r o i u o l  no I’ o ’ g i s t e ’n  o h i s p !no v  no ( m(k ’ , th e
I ‘I( 0 n i o o m o l u o l o  ‘ w:o s mmo )t J)l’e’ u’e ’nm tnol fm’ ot n m i i omitino ting n o I ) \ I A  cycle ’ . -i. Iog i C ( ‘ lint  nge’ t in ( lue ’ PIt

m u o o o d u l o ’  c u r i o - o h - I t h i s  pn’ to t h ’t ~ n o m u o l  t u n i s  i n a t n o h b e ’ o h  a n o h  the fix ve’rif’ie’ ol omn 23 ,\oogu ist .

In sp ite’ ct l ’ It o , - l i i  gb i e t o ’ l  oi l ’ o ’ i f ’o ui ’ t oi t m (bi t ’  n ohou’ c’ l) i’ o m h b c ’ u u u s , tbie ’ i ’ e’ uue ’ i ’ e’ s t i l l  pe r io u ds
o lon t ’ i m mg t t ’I i i e ’h t ime F P~uI s y s ( o - 0 0 0  t i n t s  n o u ’ r o i l n o b m l o ’  l o ) n’  i t u te ’ gn ’not i o imi  of t’u t i c t i o m m u s nut r e qu i r i n g
(b ut’ b)M,\ c’r op n o i) ilitv oil tbue’ I’l ( I Mo udule ’. ‘l’lio’ ae’ i t e m s  at’e l i s t ed  ( ‘b ’Or oi uuh o g i c n o l l v  m a
(‘cm l i ,  ‘u t ’s :

J ) a t, o I” uru e- ti o u i

I : ;  , - \ i i g u o a l  I n t o ’g r :o t e ’ o I  E l ’\ l  I -a l  ( ‘ ‘ n m m i t ’ t ’ t o i o ’ I ( \  i t i t h  h-I I ’ M
a t u o l ‘ I t ’ s )  (‘0 u m u s o u b o ’

h ,-\ o i g b o . — ; I \ ‘ , ‘ i ’ j t j o ’ o I pm’o h ) t ’ i ’  o u p o ’ m ’ :o t i i ’n  ‘ ‘ I  ( hi t ’  l’ u ’ o o o ’ u ’ s s o , u’
l ) i s o ’  i- e l  e ’ ( ) o mt 1) 101 ~-i ) I ‘I )( I)

17 . \ o o g u o — t  \ o ’ r i h i e ’ o l  o ’ , o  i’re’cl svs to ’n i o Ia  n ’ m u — u m l t  ‘— o ’ ~l u u c ’ I u e ’ e ’  n o r i o l
I ) r o ) l ) ( ’ u ’  r o t l i t u ’  b t m ’ n m k i r u g a i g m u n o  I —

: \ugu’-,I \ ‘o ’ m ’ i  t l o ’ o l  r o o t ’  m ’ e’ o’I n’ ufou n ’ ‘—o m s J oo ’ Im si lon st ’ q u t ’ mi e ’ o-

It ) .‘\om gous t \ o ’ i i i i o ’ o l  ( ‘ tmm ’ m ’ t ’t ’ (  ou l ) e ’ m’ n i f  m uml o ’ t t i l e ’  S o - i i t U  n o ( - 0- u ’
h )i si’m ’ o -  0 0 ’  0 ) n i l ( u u m l  s S l) (  0 )

I ‘ t o
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\‘~‘ h t I m  t i o o -  n o b i l i t y  t o o  ma u i  ( I n ’  s o - t I  ‘i ’ t ’s t ~mm ’ o o g m ’ n o m u u  i u i ( b m  ( l i t ’  P lo t l~~I , \  t ’ n i n t h h o ’ o I , i n t e ’g n ’ n o t i o r n
, o l I l i t ’ s , ’ I’u o h m ( ’ t i o o ! i a t i ’ I o I c ’ i o  o’ e ’ ( I u o i i ’ t ’  1 > 1 0 ) I 0 \ l \ tve t’ o ’  i i m i t i r o t o ’ d .  ‘l Im e’ c ’ o o r i ’ o ’ o ’ t  o u p c ’ n ’ r o t i o m n  c m l
th e ’  ‘i l l  ‘ti ( k ’ n o o u o j  R t ’t t ’ i ’ e’ ui e ’e ’ ( e ’hle ’i ’ n toO’ .s t i l l  51, 1 N i , . I u u n t s  u ’e i ’ i I l o ’ o l .  ‘ l ’ bie ’  1 1 1 > 2 1 0 0 0
( ‘ o m t i i J ) O n t e ’  m’ t i n t s  i b m l t ’g n ’ ’ o t o o l  ii i t o  I t o , ’  I - . I ’  \ l  t o ) u i o h m u o t t ’  m’ t i n t  f l i t ’  ( ‘ 1) 1  - ‘u l u ’ m i u o u r ’ v ~\ m o  pto ’ m’ . 1 mm
ro , hob j t l , uhm ( h u e ’ pi ’o u l m o ’ i ’  I u t h i e ’ ( i o u u m i i u g  o i l ’ t b , ’  \I I ))  0 i h h so’i ’ o’ t o’a ito’ mu’ u i ’  n’ i t ’ied on 2’ ,- \ o o g u o s t .

O mu : l o o  : \ i o g u 0 ” ~) ro I ) l ’ t ’  J u i ’ o o h m l t ’ h m o  i o s  e ’ n c o m t m i m t o ’ r o ’ c l  ut b u i c h o  u n m r i n i t c - s ) o - o I  i ) s e ’ h l ’ as mm iu m i u e ’ i ’ o ) u s
l I l t - n o b  i m u s t t ’ o i o ’ t o , u o o ’ — o l u n m ’ i m u g e ’ x t ’ c u o t n i o m i  oh t h e ’  N n o v  ( u r o o g l ’ : o ni . .\s  t u n i s  t h i n  o n es , ’  ut bu o ’n  u t hm e ’ r
c — o -um l o o ) o  - i ’  I t m ’ o o h h o ’ r o i a ii o ’ i’ c ’ , ‘ n u , ’ o o o u n t o ’  m ’ o ’ o I , n o r io mi o’ , ’ nut n’n o to’ , I o ’ l ’t ’t u  m ’t ti - no a i r m i t i n o  ( e ’ o l  tom hbo ,’ m m t h  l v

t o o l  e , u u ’ I ’ , - c t  t l m i  a I ) I ’ t O b i b o ’ t i m . ( O n  3 S o ’ p ) o ’ u u m b o e ’  r’ I lie ’ pr ’o o b i l e ’ mu i t i n t s  i d o ’n t  i t  c o b  n omuol ( h o ’  r o p p r o o —
pm ’iro tt’ moi o oli t o  o ’ n i t  l o i n s  ii e’rt’ n o o h , ’  0 t h  the ( ‘ P1 ’ n i o u c l a b t ’ . U n’io ’ l ’ b v s t ; t t o ’ o I , t h m o ’  i t m o l t b o ’ m m o  to no a
l I m it ( bu n  J ) m’ogn ’ n o i uu  c o u n u t o m -  tu n i s not h o-’in ug  in ( ’ t’o”flu ’ ’Oit i’d uvl m on alu i n t n r o ’ i m p t no n u ( I
t ’\  ( ‘In  s InaI  u ’ o-’qao-”sl oecurrc ’d on suc -ess ivn  cyc le ’s w h i l e ’  nxc ’o ’ul ing  n on  ins t  i’Uct iofl
fe ’t r Im . (‘oh ’t ’ o”e’ ) ( ‘ P t ’  op n m’not ion t ins  v e ’m ’i fi e ’d on :o Se’I)t (“ fl1 1 )e i ’ .

In pr o i ’ n o l l c ’ b  w i t h  ( l i e ’ ut -or k t in  t ime ’  i l l e g n o b  i t u s t m u t ’ t i o a m  p m o b h c i m i , t ’on t imuuit y e h e e k i h u g
of ( l i t ’  t t - s ~ l , \ t ’  t I m e ’  tone ’  u i - i tho -u ’ n (  t Im ( ’ t t u - i s t  e n o p s u l c o  t i n t s  i n u i t i r o t e ’ o I .  ‘ l ’ b u i a  t r o s k , i n c l u d ing
c’ oumi ’ e ’ c’t I ’ onu o f ‘ t o  i ’ in ug  o ’ t ’ro o t ’ a , u t n o s  on ’ o tmm l ) h c ’ t e ’ d  o t u u  1 1  Se ’p te i i ih o ’n .  I ) u u n i n i g  (lie ’ iu’o ’t ’k o) f
7 S t ’ j t t o ’ u i i l u o ’ i ’ , ( I i , -  l o i l i u tu ’ imu g I I o ’ n i , a  ti ’e ’ o’ e’ n o c ’c o t m p l i s b u c o l :

I , ~- “ u u e ’ t ’ , ’ s s ( u o I  i m u t o ’ g u ’ n o t i o m u  od S L t ’  N ’’ . I n o n u o l  SF1 ’  N o , . 2

2 . I n m t e ’ g m n o t i o m n  oh ’ ( hue ’  b l i g t i — \ ’ m l t n o g t ’  S i i l t e ’ b m

:1 . I n a t r o h l n o t i o t u  of (bie ’ h A t ’  i n c l u d i n g  t’ e ’ r ’ i t i e ’ r o t i o ) n u  of t Im e ’  e ’ o m m ’ m ’ o ’  I s i g n m n o l s  t b i r o t a g h
t im ) , ’ e ’ a h t l u m u g ntuud  Il l) to the ’ I ’ h nom ’g e \ r n i p l i f i e ’n ’  e 000l u e ’c t oo i ’ a .

I. Itit e gi’ntt u i o o o  i t  t Ime ’  ( ‘ hno i ’g e ’  ,- \ t i o I ) I i f ’ i e ’ m ’  n i o , m o b u i l t ’ a  O i l )  to t  n o n u t h  i m u ( ’ h L n ( l i l i g  auoe ’c ’t ’ s s l ’u i b
s o o  — ju l mo au m m  ool f l i t ’  r ot ’  ii’ o mm u e ro  c-l i  ( - hnn  u unmt ’ b

‘ u , u u t i i u o i e ’ o i  i l ’  ‘so- I 10)0)1) h ue ’ i ’ m i u r o h  cu n tm’ o t l  e ’ luce’Lui ot .

( O h m I I S o ’ p t o ’ u i o b o o ’ n  (it t> t O O t ( t i ’ s ito ’  mc suc t ’t ’a , sl’a l l v  saspe ’tu ok ’d a i m ’u i u l ( m t t m e ’ o i u o s h y .  ‘b lue ’
D i t t o - m v  t r il l tuna in at r ihl o ,’ul r o u mo l (Iii’ l (nott erv ‘le st m ind l (rttte ’ry I”rost (‘hnoo ’ ge’ fatocti ouns ut’ei’e’
m o o ’ ’  : ‘ o l o o - o I .  Uo o (oon’ a u s p e n s i o t n u  u ’ei’i f j t ’ n o t j o m o  t ests  e - o u i t i t uu c ’ o I  t h roug h (1k- i’e n u i m i i n d - r  o ut  t he
o u o o i ,  ‘ ‘ I  I I s o ’ I i t c ’ h i o l ) e ’ m ’  ut i tbu n o t t o ’ m u u p t s  t o m n o pp lv ro tc rq oic ’ ch is tu t ’bnin c’ t ’  t o o  (b it ’ gy ro u n i t m o l  nuo n mi—

n t lie - h m m o  t ’ go ’ o o t i  ( l i e ’ i’ om t i o r  I o o l lo t i ’ i  ~ug no I i I ’to d ’f.  Nun i c ’ u’ooi u s h m n o r d t u - m i r o _’ mo o d s o m ft t i - nm me-
pi’ou l o I o - i n ~ ho b o o , t t t  (lit’ I I I ’  n on o l  I-I I ’M c u t i m p t u t c ’ r a  ti-c nn enu c outmt e n’ed m o m m o l  sulu’ e ’o l . .-t, I s o u , no
p , ’ oh i o t n ,  ot ho i gbo  Vt ,’ s i s t n o t uc ’ e ’  sbu o r ts  lot ’  t tt - t ’e ’ n u (00 r’ t ioi i s o)f t ime I i iax ,‘n ib le s , t t - l m ie- b u  e ’onmme ’( ’t
t h t ’  ~~i i  spu t u siom h m t ’  l e ’r tm ’ o m de ’ s oil ’  t h e’ gv no to o  t in ,’ ( ‘ i mn u rge’ ,\ mu u p l i f in ’ i ’  ou t p u t s , t i ns  e o  i ’i’ t’ e t&’o

( i t )  O f )  5u ’~t t o ’r n h t ’ i ’ , a u m c ’e ’o ’ s s f u l  p o> tv e ’ r ’ i r ute’ m’n’u pt io m ms ut -crc ’ nu ’cu n mp l i s l m e ’d .  I ( uth m the ’
b ) )  I I i  p o o t t u ’  m ’ n o i m o l  t h t ’  2” v o l e -  POi~’e’ r e noru be’ ium ( c r n ’upte ’ th  t u - it h u rio c ’ffe ’et ohm r e) t t )r  suspe ’rus i on

u o r  a t s t o ’ n o o  oo l ) o ’ t ’ r o t i o m m m .

2. o . 7 F1~g~j t Tn ~~~’ ( ’ h e ’ c k n m i o t

I’h i ght tm ol )t ’ (‘bie’(-kOnit be-gr o n om i m 2-I - J u n e 1976 uu - huc ’ nu it uu’n os I i  i- st u sed o lur i  h g  I ) P ( ’
I n te ’ g r mm h o  ‘ mu.  ( ‘ l e n t  n v  ( l o i s  ut - no a r o toad to ) t i  d I )P ( ‘ int c ’grati t )n but , tu ni c ’  t ’t i me ’l c ’ ss , H e’ lec(ed
p o u m ’t io u n ms o u t  ( l o t ’  t n o ( ~~’ b u m t o i  to ) f u inc t iun  lot’ time ’ tnopo ’ t o o  1)1’ m i i i  ct ’l ’net i i ’ c’ ( 0 ) 0 ) 1 .

S o t  o -  n ’ n o h  h n o i i ’ a  oh u n ’ iru g (hu e i n m t o - g m n o t i o nn j o o ’ m ’ i o m o l , no l i e u ’  f l i g h t pi ’o gr mm nu e’ u tnmi put e ’ r  trip e -
it - n m a m u ’ , ’ > ’  i t  n b , I ’ , n m o ’ l m  ru o ’ut u u ’ n ’ a i u o m u  of ( h ue ’  c u n i u l f l l t t ’ l ’  t r o I ) i ’  in eu i ’ptmi ’ n i t c ’ o l  hmee ’t s sn o n’v o ’h in i mu gc ’ s
o di ‘ T o ) ,  t o o - I  i t - h i l t ’  o i l  i I i  / 0 m t g  (he pn ’ o u b u t  a t o m ’ s ion in no o b o l  I t  ion to o  nmt ’ t u - I y r ou t  led se ’gn i t ’u m ( a of ’
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I b o o ’  t o o l  1 — o m i m  l b  ig huf t n o p o ’ . 1 - o u m ’ o ’ n o e b u  o i p t l n o  t o o l  ( m o p e , n o  ~h m u , i ’ t  t i m m i o ’  u t n i s  o h o ’ i  0 to’ I tom In, mo’

i t ’ m ’ i l ’ I , ’ n t l i t o n u  n o t  I t o , -  si’ ” ) o ’l ni J o ’ t ’ t ’ l .  ‘ l ’ h o i s  u o ’ u ’ i f ’ b o ’ : o t b o o m u  t i n s  o k u n o ’  t o o  o ’ m u s o i r e ’  ( b m n o t  I b o o t s o ’
f o i h m e ’ t l o u h m s ~ rt ’~ i o , i u s h y  c ’ I i e ’ e ’ k o ’ o i  u n i t  s t i l l  o o J o o ’ u ’ n o t o ’ b  eoo n ’ t’ o ’ c ’ t l t ’ .

In n o e ’ l u r o  b i t t ’ , l i  i g l o t  t r i b e ’  c h o t ’ t ’L o nm t  i s  nt e u m u m t i m m u i o m o t s  I ) i’~~’t ’ sS. ‘t o-i n o d d i t l o u m i m o  I l im o r o ! t t mo  n e ’
n t t u o l  o r  f o i h i e ’ t l o u u s  m i r e ’  e ’hi ( ’ u o t h i ( t ’ i ’ o ’ t I  i n  the  m u o m r t u m n o l  s e ’ q o u ’ m ic ’ o ’  o u l  s v a t o ’ h u i  i n m t o ’ g n ’ n o t i o m m u , (hu e
n t p j ) m ’ ou h i l ’ i r t ( t ’ p o o i ’ t i o t n s  o t l ’ ( lo t ’  l’ h i g h i ( ~mi — o tg r ’ r o i u t  r o t c ’  n o l s o m  i ’ x c ’ o ’ c ’ i a o ’ o b ,  ,- \ I t h i o m o u g hm r o l l  c ’ o o m u u ~n mn me ’nt s
0 , 1 ’ t O o , -  I’I i,,~ht  pi ’ o o g n ’ r o n l  m o r e ’  e ’ boe ’ eI ~u ’ o h o o o i t  o ouu  ( l o t ’  a i n m m a l n t t i o m n m  a t n t l i o o u i , h i m u r o l  pm’ om i , o, m’ n t u u o  t ’ e ’ r i f i —
t ’~t t l t , t m  i s n’ e ’ q i o i i ’ o ’ o l  t O  t h o u ’  a t ’ s t c ’h i i  Io ’ t ’ o ’ l .

I no  I t ’ , I t o ’  n ’ s i i  u~o s o u t  f l i t ’  1 1 0  g t o t  t n t  pc i t o ’  r’ o ’ I u u t e ’ g n ’ n o t u ’ t  I th u  u ’ ooo oghiotoi t t I n ’  (o at  po ’ rh i d .
o ohm e - n o e t m 0 o o ’c’ no 51 ,0 11 no slot 0 i ’t I i  l i i i ’  it no a oh e ’ u’ ’ o t t  ‘o h tom ( no pe ’ r h i t ’ e ’ k o i o i t .

2. ‘~. U o t n t ~~~ j - l’M Iuu (c’ g n ntt i o o n

l i i  l in t  m u l e ’ !  u u i t i u  1 ) 1 > 1 ’  n o i m o l  l - I o ’ e ’ t m ’ o t t m i c ’ s  \ c ’ m ’ i f i c n o t b o u t m , i n ( c ’ g r m o t i o m n u  o ) f  t he  N 7 3  i- I’M
o m’ o i t n o t i o o g t I~M o  h i o u u s i n g ’ ti n t s  b ) o ’ go i mu .  ‘l ’he ’ l u o u m s i n i g  u t’nos t’ere ’i t ’ e’d i n  ( lie ’ S~’ s ( e ’ u m m s  l o s t
I,, o l , o o n ’ n o( , om ’y o m l u 2 , \ u m g a s )  n o t  tt Iu i ( ’ l u  ( l i m i t ’  t , ’ o m r u t i n u i t y  n o u m o l  M egge ’r  cbm c ’cks ut ’ e ’r e ’ i u u i t i n o ( e ’ c I .
F h m e’ w i  h’ i ru g ~‘‘ t nt  i mmci i t y  (c ’ a l l  rug ii no a t ’ c m i u u p lc ( c ’ d  ot n i  6 ,- \ u o g a s t  no h i t l  the ’ N 73 ~ 1’M luousin g ut ’nos

r’e ’ t uou’ ne ’ d  t o o  ( l i e ’  I - h c ’ e ’ t i ’ om ru j e ’ a Dr ib  t o o  c o r r e c t  t im e  u t ’ i i ’ i nug  c ’ m m o u n s .  ,-~t th e  an n ie ’ ( i t m m c ’ ,
c o o n ) i n o i i t v  c ’h mt ’ cJ ~im u g  t n t  ( l i t ’  l , - \ t ’  no r ich t ime ’  I ,-\ I ’  e ’ x t c ’ m m o h e u’ cmi b h  b r i g  ti - no a be gan.

) lu 1 0 ) , \ a g o o s t , ( l i e ’ N 7 3  I’ PM b m o t u s i n m g  ti- m i s  r t ’ t u i ’ rue ’o i  t o n  (lie ’ S y s t e ’m m m a  ‘I’est l ,n ob a u r no to t rv
h n m ’ i- e ’ t ’ i f i o ’ n o t i o o h i  o o f  ii ii ’ iuu og roo h’ re’ e tioo tua rtnd t’o ’suhui ptio ut u o i l ’ s y s t o ’ n i o  i n u ( c ’ g r n o t i o u n .  ‘Fb ie ’ tv i n’ i n ig
c ’ o u r r o ’ e ’ h o u n a  w i t - c ’  t o - r i f i o ’ t t  m o n o l  i t  t i n t s  o k ’ t , ’ i ’ n u m i m u e o l  t h u n u t  the ’ N T %  l -I l ’\ l  bi o uo ,u s i n g  t ’oml o l  tht ’iu

n ’ o ’ i u l n t o ’ i ’  the ’ I ’ 1r’11 I I ’ ’ )  \ I o m c ’ k — a I )  l i o t o u s i r m g  i n  t h e’ avatc’r um i n u t t ’ g m n o t i o m n u  e ’t ’t o u t ’ t .  ‘l ’Iui s c b m m o n g c ’ —
, o u’ e ’i’ o ) ( ’ o ’ t u mre ’ ( l ,un  I ) )  , \ o o g o u s t .

I n  u u n ’ o l o ’ r  to b o i ’ i u m g  t I m ’ ’  N 7: i  I - I I ’ : ’~I sva te ’uuu  up t o ( bi t ’  ca t ’ r e ’mut  s ( :t t a s  o~f (he ’  I l o i t  \ I o u e ’ k — u p ,
l i t ’  i m m t e ’ g n r o t b o m m  a t ’ o l c m e ’ m m o ’ t ’  no r i b  I ) h ’ t u t ’ e ’ o h u u’ o ’s t ’t uip lov e ’oI d u n ’ i u u g  time ’ I l oo t  M o c k — a l )  ih i te ’g i ’ no t i o m u
ti n’ , ’  n ’ o ’p e ’ :o ( e ’d  t i l l I m  t lm o’ N73 l ’ I l ’M b i o m u o s i n g .  ‘ l ’ h m i s  o m r ’ d t ’ r h v  i f l ( e ’ g m n ) t i o ) n  t i n t s  m i g n o i h i  p e r —
t o ) r m o o c ’ o l  i n  n t e c o m m ’ o h n t m u r t ’  u t o t  bo the ’  integt’ n o t i o u r u  t e st p l mi ru  ol e ’ i ’ c ’lopc ’d m u  I ’ no ak 2. 1. ‘Fbue in t c gr no  —

t h i n  i n m c h a o h e ’ o l  1~ t ’n o t ’ e h m n o u u i c n o l  l i t  c h e c k  o m t ’ r o l l  n m o d u h n s , ) 2 )  i’e’ o - i f v i n g  e o o i ’ m’ v c ’ t  o o p c ’ r n o t i o n
out  r o i l  O ’ o ) mu I ) o m m i c ’ l u I s  i n u t o ’ g r ’ n o h  t’0 - i ( i m  ( l i t ’  11P M l oU s in g ,  ( 3 )  p o oti c’ o’ t ’ em ’ i f i t ’m i t i on u  te s t ing ,  0 t o
‘ l ’ i n m i n g  amud Snque ’n c ing Model , 5~~t ’ No . 3, integ r -ation o , (5 )  Processor ’ Input/ Output
\ l u u d u i l o ’  i m m t o ’ g n ’ n o t i o o t u , ho S i g m m n i l  G t ’ n m e ’ m ’ n o t o m n  noumol Me’muuoi ’v Mo ud o ile ’, SI t ’ No. 1 , imm to’ g n ’no (io ui u ,

n o n o i o 7  ( ‘ 1 > 1 ’  i nm ( e ’ g i ’ n o t i o o n .  l u u t c ’ g r n o t h m n  u ’ o m n t i n a e ’ d  w ’ i thu  t h e ’  n o o k l i t i u n  o f ’ the ’ (‘ l ) t ’  M e ’ium on’v
,-~ d m o I ) t t ’  m’ n o n o l  t I m e ’  I ’ n ’ o o i ’ , ’ a s o o  F ( ‘ on ut roi l l ’n o n m e ’ b  n o n o b  u t ’ i t b u  t ime ’  aa ce ’e ’sa f io l  o ’x e ’cu t i tn i  id t h ue ’ se ll ’—
(O s)  l i t ’ ’ o g u ’nt r im.  ‘ l ’b ut ’  I’ I ’M l”I ighu  ~ m n o i g m ’ ro r im ti- no a h o m m o d e ’ d  i n ( t n u  t Ime c ’unuipa t e ’ i’ n i r u o h  ( hue ’  ( ‘ 1 ) 1 ’
n o n ( l  I ) h ’ i n m t e ’ n ’  i m u t u ’ u ’ f m o o ’ o ’ s  t \ i ’ i ’ u ’  rc ’ u ’e ’ r i f i e ’ ( l  o umu A u g u st 12.

.\(  ( b u s ( 1m m ’ , ih m te ’ go ’ n o t i o o u m  o u f  tbu o ’  NT : )  l - I ~ \I w a s  e ’ s s e ’ t m t i n o l l y  n o t  ( lie ’ sro rule ’ p o i tu t  r o s
t i n t s  i m m ( o ’ g m ’ n t ( i o ru o i l  ( l i t ’  I- , P \I I b o o (  M o i c k — a p  o i i i  1) )  ~-\ u g u a t  t t ’hi e ’n u the  e’ff ’t r’( u t -nt a s im i f ( o ’ o l  to
( O u t ’  N 73 I I  I ’M — I t  i s  si gni I ’ i c ’ n o  n t  to note ’  t ho n o t olu me’ to ) the  e ’Xpe ’i ’ i e ’mm ( ’ c’ gni i mi e ’ o l  no n oh t im e  p r u h l e n m i  a
soul  u’ e o h o h u n i n u g  t Ime ’  i n t e ’ g m m o ( i o m n  ou t  (hue ’ I’: P ’t~ b l o t \ I o m c k — u p  l’r ou mi 21 ~Junc  1976 t lmo - o ug hu
1( 1 A u g u s t  1) 176 , ( hue ’  a m o m t ’  i n i ( t ’ g r ’ n o t b o o r m  t i n t s  mm ec ’o i ’oo p l i s l u e ’ o h  ‘on (hue ’ N T : )  N l ’ M  in two d n o v s .
‘ l ’ b u o ’ t i m e  n o r c ~a n u u u h m i t o ’ o h  o) i i t ime ’ R u r u m u i r u g  ‘ l ’ i r ume ~u l e ’t e ’rs  were ’ 507 Iur m o n t h  1( 1 h r  for  tIme ’ F l~ iI
l l o m (  M u r k — u p  m o n t h  N 7 3  i- I > ~u I sy s l o ’n i m a , r e s p e ct i v e l y .

:~ . ,u . t O ‘r h u t ’ n ’ o i o n o l  ( ‘ o i m u t i ’ o u l b o a t s

l ’he ’  [I r st  I’omnc ’ t i o i m i  too be ’ u ’e ’ri f i e ’ o h  ti - no s time ’ o m l m c ’ r ’ n o ( h m n u  o ) f t ime ’ f r o s t  wa  rr u m — i mp bu c ’ m m t en ’
m ’ u ‘ I n  o v a . ‘I ’b u I a u vm o 5 co flu )! t ’te ’(I ohm 3 )  A U~~ U st 1976 . The l’ru mm o I cont rt) l loop c hmec kout  was

b~ ‘‘g um nu mm 3 0 ) ,-\ toga at ti-i thu om p e ’n loop ( u ‘a la  (0 ) i t ’  m i  fy the ’ ‘ i o h ’  m ’ o ’ et fe inc’tioru i mug of ( l i t ’  ~‘ni n ’i oums
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u m u t h i t  l o b u o n o l  l imo m’ o h t i n o  m ’ o ’ o ’ o o m i i l t o o t u e ’ l u ( s  n o u i o h  s o u f ( u i n o  t ’ o ’ t u o i u o ’ t i u i r m s  u t - bu i e l u  e ’ ou rii ~) n’ i so ’ ( b u t ’  t o u t m o l  ( h i o ’ m ’ m u m n o l
t ’ u u m m t  m ’ oo b s t ’ s Io ’ iu i .  i ’ lu o ’so ’ o o I m e n  h t u o o p b ats ti o ’m’ o’ se m c ’c’ o ’sa ho ib lv c’o m nm m p lo ’fe ’d ~ :w .\oiguo st.

‘I t ’s , ’  I I o u o p  ( h u o ’ i ’ m u m n o l  c ’ oum m tr ’ o ml  t i n ,  a n pc’ m o  t n o t n u n o l l v  c ’boe c ko ’ ol  r o h m o h  f o o o o m u o i  (0) he cu ) r r ’ c’( ’ t .
m u  pr c ’p nli ’ r o t l o t m i  fomi’  f u r t b o o ’ r ’  t l u e ’ r r u u n i !  e ’o o mut n o d  t c ’ s t i m u g  tu - i~ h u tIm e ’ I -; l° ,\l h m o o u a i n u g ( ‘ I o ) s o ’d , no
(‘ o ’m fl t ’ t ’ r t t ’  r module ’  ii no s i ns tmml  he e l  on 2 1 Septemb er . With  time (‘ o n t o ’  rto ’ r nu o o lu l e  i n s ta l le d ,
i’o) t oui ’  I i t ’t o ’ I f a  c o aho l  no t  bi t ’  i t u i ( i r o ( c ’ o l .  ‘ I b i s  pi’o u b le ’ m mi  i t -nos t m m o e t ’ o l  t o m in con ’n ’ t ’c ’(  o m m s t n t l h n o t i o n
o h nt s i g o o , t l  i n o t ’ c ’i’ t t ’ i ’ . ‘l’Ii e’ i o o — . I n o l l r o t i t i h m  it - mi s ci tm’r t ’ e ’ te ’ o i  n i l uo l  h m o m r m u m n o !  a t ’ s t t ’ n o  nIn, ’ r r o t i o u n u
t ’, ’s I ,u n ’o - - l.

( O h m  2 7 So ’ t u t e ’ n m u h t ’ i ’  t ’ h i o s o ’ i I  1 , 0 0 t h )  t h m c ’ t ’ n n n o !  c ’ o u m u t m ’ ou l  t o ’a t a  tt’ e’ re’ r’ c - s u u u u c ’ o 0,. So ’t ’ e ’ r ’n o l
t bu e -l’ T o i ooc ’oiu l mh e’ s t io ’h ’ o ’ i n i s ( n o h l c ’ o l  u i - i ( b u i n u  ( l ie ’  h - I ’M I u u u s i i m g  no t  s t i ’ no t u ’g i c ’  po iomts too e ’ s t m o h ) l i s b m
t O o , -  t h i e ’ i ’ i u m m o l  o ’ o o n m ( m ’ o d  l o u o i ~u so ’t  p t i i m m t s .  Dv :)~ Se’pto ’nuuh e’n ’ , b u g  tei’tii r o t t o ) r ’  s o t s p e ’m u s i o ) n  t t - i tb i
t o u i ’ c l u o t ’  o h i s t u o r l u m o  h i r e ’  n o t m o l  c ’ b m n o  i-ge ’ u u i u ) h u i t o o i ’ i m u g u t - mos e ’ i o h i u I ) I t ’ t t ’ d h .  I )a i’i o n g ( l o i s  t i  rime ’ ( b o o ’  t h c ’ r ’ n u n o  I
e’ o u h i l  n’ o ul l o u t  °b ’ ~ ° tpe n—mo It’’ I s t i t ’c ’i as t o i l l v .  1 mm m o o  l o U t  n uhu , I lie ’ t ime ’ r’ mu m no I sc-I p i mi  n t a  tue me t’ nm m ’i o ’ o l
i n  o ’ u ’ bt ’ i’  t o o  k ’ t _ c ’m ’ n i i n c ’  ( lie ’ e ’ o o n u t i ’ , i i  t b m c ’ r u u u i s t o r  s e n i l e ’  f m o c ’ t o u t ’ ,

2. - o . I t )  D I I I -  \ ‘c ’ t ’ i f i r m t t i o m m m

BIl E v er - i f ic at  ion was imui t  lo ot e d on 30 So’ptn r iu he r ’. ‘l ’his t ask  w’ :mS suc’c(~ssfu l1v
o ’ o n i u p l c ’ t o ’ o h  o unm 2 1 i r t o u h i o ’ n ’  m o l t e r  m u l l  thue ’  RI ’I ’ l’ f o i nc ’t i om i s mt l)I)I icmo hl e’ not t h is p u u i n t  j I m  t I me ’
ium l (’gi’no I i o m n u bu noob h)e ’e’mu u- c’ r.i fie’d.

2. 5. I I  Sp~mm~~ i o t o m r  [ l c ’ c t n t t n u i c s  ( ‘ l u t ’e ’k oou t

Spin Motor  b ’ l e ’e ’ t r oo u ul i ’ a  e in , ’ck ouo t  ti - no a i m u i t i m o t c ’ d  on 2 ( )e ’to d)e ’ r 1976. :\fte ’ m ’
s n u e e o ’ s a f o i l  mo pp l i e ’ m o t i o o n m  oi l ’ po)tt ’c’i ’ tom the ’  sp itu tumoto n ’  pouve’ o’ n o mi i p li fit ’ m ’ c’ l e ’ e ’ t r u n u i e ’ s , thi n
c ’ ou r i - nc-I  f u u m o ’ t i  om i mi  mug o o f  t h e’ e ’oiuti ’ ob cl i  se ’n ’e’t&’ s ti -m i s u t ’  r i f i n c h  . ‘Fli t ’ se o h i s - re ’te ’ s i uu - Iu de  1)
Sp inu M o i t o u r  l - :m m nob le ’ , g 2 o  b I o ’ m o t , ( 3 )  l ) n o m u m p ,  mt tu d ( I )  U rmoke  F n n i h d c ’ .

\\ ‘bui  to mo t t e ’  u u u p t i n g  to t’e’ n’ i Iv  thue ’  long shutolot i -mi  n ond  roto tr  b m m u k i n g  ae ’que ’ne’ e ’ a , i t t i n t s
t’o uoo mu d  ( b u n o t  ( t o o ’  r o i to m b m n ’ m t k i  h u g sc ’quc ’mu e ’c ’ d i d  not opc ’rmtte ’  p r c m h ) e ’r l . ‘I ’he ’ p rob l em u i-m is t b u n o t
Ii t’ro ki nog con r he’ not a tie’ me ’ mopp l ie ’ o l c m m u l v  l o u (bu n N m o n t h  ‘i nuoto ) t ’  t o i l s  no no b uu o u ~ u m’ u’ c ’iu t to thi n Z
co o l l . I -o ur ~ r ’oj oo ’ m’ o u l ) e ’ h ’ n o t i o u m m , h i - n o k i t u g  e ’arn’ en it  abuou l d  be t ’b o ti’ing iii  m o l l  thm ne ’c ’ ( ‘O ) ibS
s o ’ q u m t ’ m u t i r o l l y , t u t u >  r o t  no ( i i i , , ’ . ‘I ’hui , s  p r o ) h ) i e ’ n u u  t i - no s p ( ’rp lex ih u g  i n ( l i m i t  t Ime ’ hn ’r tk ing ’ a i g n m m l s
l imo oh ho ’e ’n c o m m ’  r t ’e ’t l  v i- c’ n i l’ ie ’o l  omu 17 ,-\ ago m at 1 ) 0 7 0 ; . In m o c h d i t i o n , a l l  tIme ’ ( ‘oooui p one’nt  s t ie re
ro ‘ n o o m u e o h  no mm o I It ’ ~ t o ‘ 1  iou time ’ e’ le ’rt n ’uni cs lab no nd fou n d tc ) he ’ opt’ i m i t  10m g t ’o)i ’ i’e’ct lv .

I” a r t  he ’ r sv st o ‘i i i  to a t h  uug  s l uo > t u - c ’ o I t l mmo t time ’ si g mum t I s  ui’e’ m c’ c o  m r ’I’ cc( tt ’bm e ’n u sotppu m’ t ~~t ot t e’ I’
ti-mis 0 t h  b o a t  ti- u ’  n- u ’  m c ’  tn ’ n’e e’t tt- h e mu no I ’ou w-c’ r ( ‘ o m n m ( n o ) l  a l mutd t m uvmu ui - no a i n i t i m o t c ’ o b  u u’ b u icb m tu r r ue ’ch
ouf f  suuppot’ t ~ooo w u ‘ i ’ m t m m o l  no o ’ c o tmup l  i shc ’c h  t h e  a h uu to b o t t - m m t u - i t bo c t ’ i t i e ’m t l  pott’e r on ly .  it r io ig ’hu t be
muoute ’ ,  I t h i n ,  ( the ’ I 7 Aug u  at te ’sti  ng woos lie ’ z’ fo in’ i m mc ’ oh  u t - i t hu tIm e sUpI)o)u’t I)o)tt’(’r (ill.

l I mo ’  p n o h i l e ’m u m  t i m o  a tm ’m o c e d  I ) mo ck (t~ (lit’ design of th e’ thi’e’c bmmoki nmg s i gmo nt i s it -bk -hi m o r’e’
go ’ nt_ ’r m o ( o ’ o h  oun SF1 ’ N o u . 1. A l l  tol tluo’ u- o mIt -a ge’s n o n o l sig n im ol s used too genmermite ’ (hue’ brmiki nm g
a i g u i n t l  a tin it’ h i i t u i’ oi to ui’ t’t h st’itim the . su~) po )r t  power ’ both O ) i i  and off .  ‘l’ Iue’ se’ t ests  shoui ’eol no
Inn i ’ go ‘ nolau’ a b oil ~ ’ ~tn ci ’ me ’L p l u o m Se I ‘ 2 of the I —p huu at ’ clocks. it u t ro  s alt !  n u m m o t e i v  foun d
t i o m o t  ( b i t ’  n o u u  at ’  s I o lko ’  t i n t s  c ’ mouse ’ o i  by tos ih ig  - 5 u- suppc rt  otm time ’ P l( ) m u uod u i l e ’  f o u r  obe ’vi ce s
go ‘rut’ i ’moti ng t lie I — p l mm o ae c locks i mus t emo ci o i f  ‘ S v cr i t i c a l .  ‘( ‘lie ’ Pl( ) n uc ) ob ulc ’  ui’ n o s mmuo ah i  f ie d
t o m o u s t ’  - ‘u u - c -ri  t l e n  1 no rid t im is m l ct ion c ’o u rrnett ’ci the ’ (‘lock ~)hiZi ac I - 2 noise api ke ’ p ro hle ’nuu
b uo oui - u ’  u t ’  r , it dlii  not r o o r ’n’ e ’c ’t the b r a k i n g  si gnm ;o I pr ohlc ’riu.

‘I’e st in g  eo ,nt ln ei e ’d to m sou l  t o ’  the ’ b o r n ok i rug  p r nhlvni i .  I ‘I t im n ot e ’iv  it  t i n t s  found tha t by
inc  rt ’n m s ing  t lut ’  i - mo hue ’  o ut  t ou r  re’ 51 sto m s thu nu t  uv e re in sc’r ie ’s wi th  (lie ’ - I —p l mm o se e’lock Ii  mm o ’ s
go ing  f r o m m u u  l imo ’ I ‘l( I iu io s i u be ’  to ) S E t ’  N o , I , the nor meet b r ak i n g st’quc’ruee ’ t i -n o a m oe - I mi e ve ’ d.
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b oo’ t’fl’o ’o ’t o ut l Int ’ in c’m ’,’ni ,so ’ ol i’ i’aus h n ou ur o ’ io ;os t o s l i g h t l y  i ie ’ ( ’r o ’  m o a t ’  t h e’ r i se ’  t i m m u e ’  of time ’
m id o n t a o ’  cb oH ’L aio ,~o o n o l ~~. ‘ I ’ Iue ’  ho i ’ m o k i n m g  se ’ ( b uuo ’ i m ( ’ t ’ it- m i s  t ’o ’r i l ’ i t ’ t I  l o o m  bot h ( ‘ o ) u m o h i t i o , n a , 1. 0 ’ . ,
soip l ’000i ’ t p otiet’  o hm n o n i t h  au i I ) pomh’ t I u o ) u t e ’ l ’  ‘ i t t , o u n ; ( o c ’t oi be ’r  1)07);.

‘l’ o ’ sI i u u g o u t  (he Spi n —o i l ), I I c ’ not , m o n t h  I ) m o m m i p  f u r n - t i o o i m s  t i - mis  i n i t i n o t e ’ o l  omu 0 ;  ( ) e ’t o bc ’r 1) 0 7 0 ; .
l t m i t i m o  1 no ( l e ’ m n o p t s  n o t  c ’ o o n u o  n u mo n i o h i h i g  no a h ’  k i n d  oi l  spin  n m o ) t o ) r  m o r t i o u m  ot lu ’r  t h u r o n  br’ m o k i n i g  re s u l t e d
in b )i ’ oo o ,~l’, o m 10 s t i n t  i m o l o l t ’ s . ‘ t h i s  pm’ o ) I o l e ’ h i o  i t - nt  a ti’um’ke ’d e ’ o m m t i n u o n i a l v  u o m m t i l  i ts  m’e a o h o o t i o n u  cm
1 1 0 t t ’ l o ubue ’ h l , ~~ o ; . ‘ l ’ hoe ’  ,~o o l o o l i , , n  c ’ o u m m s i s t t ’ o l  o f  1)  gm - ouon i d i ng  tIme ’ c m i  sc’s 0) 1 tIme r’e ’ l m o v s  t vb u i c h

o ‘ u m n t h l o  ‘ t Ime ’ ap i  hi rn o t t ,  m ’ ~~i Ot t em no  mm , I w ’ I u i rbo  se le’e’t the ’ Iii ( 110 m m t ’o , i l s  too h ) e ’ e~ue ’ rgi ze ’o b n i n t h  ( 2 0
t’e um mo m t ’ rt l o ul (‘ion r ti i i~~’ s l’ i’ o u mm i ( l i t ’  c ’ n o h l c ’  bc ’ttt’e ’e ’uu ( lie ’ i- I ’M n o n o l  the ’ test  p o ) i ru t  box uu ’hm i c ’ Im
tt ’ c ’ l ’ o’  n o t  Io o n o g o ’ h ’  r e ’q o i i n’ t ’d ro t  t h i s  I e ’ u’ o ’ I  c u t  st’sto ’nu i r mt e ’g ’ r r ot io n .  ‘l ’hc ’so ’ w i n ’ s  rmo rry
s i ’ g n n o l s  ti b u ic ’ l u  ar t ’  n o s s o t t ’ i r o t e o l  t t ’ i ( hm i n m i t i m o t i m u g  ( b ut ’  :\ I )  cu mu t ’e r s io n u  of t ’n on’ ioa s s i g ’n n o l s  n o t u o l
t i - I t bm i n i t i r o l i u m g  no I ’ I ( )  l ) i i ’ ee’l M t ’ m i m o u n ’ v  ‘\c ’t ’O ’ss ( I r u 1 _-\~ rve ’le ’ . I’ u ’ide’ ;u t l v  nomise ’  spike ’ s
g e ’ n u t ’ n ’ nt t t ’ o h  on o o ( h u t ’ n ’  l i n e s  in  lIme ’  c nob l e  tu’ e’ r’ e’ cu t oo p l i m u g  m u  n ormcl  t ’o o a a ing  e ’u - n’ omn u non u s  ,\ I )
o’ ’’I it ’ c’ n’ a i ° ’ I u s m o n m u l  t o n’  P b ) )  I ) M A  cv e ’lt ’s .

M n 12 ( ‘ r t o o b t o ’ r  1 ¶ 0 7 o ;  o i p o ’ m n o t i o > t u  o , f tIm e ’ Z ’— c t m i l  l i emt t  mo(It ’ tt ’nos t ’e ’r i f ie ’d mis p l m o m u n e o b .
I ’ ’ oi i ’ ( h me ’ i ’  o ’ b u o ’ r k o u u o t  t o t  t h e ’  sp in I m m o u t o i r  n b o ’ r ( m o n m i c ’ a  i s  e’o ,m u s id e ’  r’c ’c l p~° rt oif M i-:s ; t- e’rifi e ’moti i ,uu ,

o b i s e ’o i s a o ’d  in  I ’ n u i ’ n o  2 . 5 . 17 .

2. 5. 12 \ I t ’ M  l k ’ i m u u t d l  n i t u o l  ,\ I )  ( ‘ ‘o nu ’ er ter  ( ‘herkc ,u t

lii I, - 

~u l I i o ’ i u ioc l  m o n m u l  A I )  ( ‘ ouu t ’ eo’te n’ t e s t ing  begmo n on I I  I ) ct olx ’r  1976 . ‘l’he in ten t
‘ o h  ( h is te ’ 511mg ti -mis to ,  ok ’tr r r uu i nr t im e h I  I ’ hI r’ en u o lou t  nodse clue to ) the ’ au spen Sic)n  m unch  Ml  ‘M
, ‘h e ’e ’t i ’ oo hm it ’ a , tb u e ’  a i g t m r o  I im ’o t m l t ip lexe ’u’ a , n o n o b  tht ’  A I c ’ou n u’ e ’rter .  ‘l ’h m e ’ t e ’e ’imniqu e en ip love’ o l
t i n ,  a too go ’ oo c u tud  t Ime ’  i t i p u t  a ig i umo  Is  no t  u - mt t ’ ioous  POi m m a  in the’ a i grun ul  flout’ p not l u m i n d  nu em isurt ’
t ime ’ re ’no o l o au (  mutmi  so’ not  ( ‘no cli step. ‘1’ bui a It ’ sti r ig sluo tu e ’ob t l uno t  no t i l t - c ’ i’ tu - it im n i 1 ~ ae’c ti me
ci mu a t m ,  nut ti -mu a o’e’qoo I n’ e ’ci not  the i n p u t  to , tIme ’ -\ / I )  e ’un v e rtc’ m . ‘I’ his  u t - mo a uuece san rv to a uppre’ as
hi i gh m fi ’e ’q uo ’uuc v r i ngi r ig occu n ’r ing  tviue ’nm time ’ iu~o u l t i  p lexera  sut’ itc ’iu e ’cb tb u e ’ u -no m in u s  s igna ls
i n i to t  (hoe ’ ,\ I I c- i o t u vt  o’te r. ‘( ‘he ’ ii nm mo I te’ at i’o ‘ s o u l  t a I imdi cm o t t ’o i  (hut ’ H hi S not se leve l  to be
m o c c ’ e ’ i m t o o h h t ’  no n o b  be ’ as t h unohu  t int ’ l e ’ no  at signu i ficm otmt bit. ‘l ’l mi 5 test ing ti - m is comp leted cm
21  1 oe ’to ,b e ’ r I 9 7 o ; .

2. 5. 13 H o u t m o t i  ng l~-\ t - lmute ’g i ’m o t i on

I n t e g r a t i o n  of thue’ rotating I , -\ I ’  ( i nc lud ing  tuvi st  capsule) was i n i t i a t e d on 12 Octobe r
19 7 o ; . ‘l ’hn i ru te ’ r mt  ou t  t h i s  t e ’s t ing  woos  to c u  n o l u m i t e  t ime ’ pe ’r f u rm i u nt u i e ’ e ’  t m f  t ’oohu u pt n u c ’uu ( s I ) e ’ cU l i oor

t o o  tIm e rota ti mug I ,-\ I 
- , i . e . , (lie ’ IA I - lm’ i Vt’ imuo u t or mu fb i time ’ pu s i t i  ohm e ’uuctoo he ’ i’ , mo n uo i  to t ’u ’n o l unite ’

ro tor so t a pe  n s i t u u  i r mt o ’g r i  Iv  t ior’ onigh m time ’ (tt i at r m m p s a l e ’

‘I ’ lie ’ f i r s t  itt ’ r im to , be ’ c-bu e ’ e-k e ’ol out ti -no a time ’ IA t ‘ rt tat iona l ( I r i t - c’ motor and
no a s o o c  i n o t o ’ o h  e h e c ’ ( n ’ o m n i c — :  . I ) o mr in g  time ’ course ’ of tiu i a checkout, three ’ problenus were
I o k ’n t i  f ie ’ol  no r m oh c oo rre ’ctc ’o I . I ) i ’ i  vt nmot o m r  ov c ’rhm e m o ti mug uu’m o a resu l u’ c ’o l Iw ro c I t Ii ~ug no h uu ,’ n o t  si ruk
t o t  pt’o m n mo te  bette n’ bmt ’at tn - n m na te ’ r to ) the e ’o oo m b i t o g  m i i i ’ . I ‘on’iuput c ’ r ha l t s  , h m ~’ to ) t’t’u’e’ra ing
tine ’ IA I - n’ ot m ot l io n oil  r c ’ct i onm t i- c ’ me e~h i n m i  i u m o te ’ o l  by  moo l o h i n u g  m m ii Itt ’ r cmtp a t ’ i  t ~r o~nu ( lie ’ t ’unu iput c ’ r
al b i o -  signal on th ( ’  l~JO module. The thi rd problem e’ncountc’red was nOj S( ’  coupling
uu’ hk -h cause-oh t lot ’  IA I ’  t I n  u- c’ muou t o r to t oo rn off wh u em m thu e i i i  ro,’ction was ret -c’ i’seoi .  I h u l a
pr o)b le  ri m ti - no a i so lmi t e ’o I  to tim e IA I ’  ( in Vt ’ mum oto r e lec t ron ics  boom r ob no no l  t h e’ so lut  ion include ’ , I
redesign o u t  t ime ’ logk - fu nuc t iu n m s on thou t lmot rd . ( ‘ hu eek out  O ) f t h i s  l’om n c t io n  t i - mo a -on ’ople ’ted

~n :m ( u c ’ ( t b , t ’r  197 0 ; .
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h ’ o ’ a ( i  t u g o u t ’ o’ o o t o o r  a u s l ) e ’ l m s i u o m  i n u ( o ’g m ’ i t y  t Im t’ c ougb u  tIme ’ tw i  at rot I ) S ( ih e ’  he ’g mo Ii on
5 ( u c t o , i o o ’ m ’  1) ( 7 )  t i ’ i ( I u s ucr e ’aa fa l  l i l t — o m i t  h e ’im ig n o r t ’ o u h u l l ) l i s i u e o i  on b u t - tm c h o i t u i m u o v  b o o m o d a  mm mcl

t m o u h i — i h i t ’ h ’ ( l m l I  g m m o c l c ’  gu r u m a .  ( In 2 1  ~~ ‘to oh t ’i ’  1) 0 7 6  l o o t u g  tc ’ n ’ t u o  s u s p e l u a io> mi  i m i t e ’ g r ’ i t v  tt ’it im no
i’ i i ( r o t i n m g  l , -\ I - t i n t s  b t o ’ g u hm u v l m i l t ’  ( lie ’ n’ o i t o m i ’ s ti e t’e’ l ) t ’ i t m g  ‘I ’ I ) ‘ e ’ oh n o m i o h  c lumo  rge ’ n m u o ) n i t o ) i ’ e ’ oh ,

h ’ O o i  a t e ’ s l i m m g  ut - mo a sac ’co ’ s sfu l  lv  c o o m m i p h e ’ IA ’ dh  oiu 2 ( ( ) c t o l mc’  r 1976 tt ’ i tb m m u o  su a p e h u a l o n m  e ’bo ’c —

I i’ o o i mie ’s  I iO’ o m h l e ’ h u m s  h t ’ i m i g  e ’ m m c ’ o o o n m m t e ’ r e ’ o h .

) mm 2: ; ) t ’ t o i h i , ’ i ’  1 9 7 ) ; , c m m c ’ , i t l e ’  r ’ pt r ’ f o o u ’ m u i m o n u c e  it -ru a a t t r c ’ n a a b o u l l v  e ’ u ’m u !u no t e ’d .

2 . 5. I I  I h1, \ \ ‘e ’r i t ’i c ’ n o t i u o t u

E h 1 , -\ t t ’ m ’ i f i e ’ m o t i o t m m  t i - m i s  i h u j l i m o t t ’ ( I  000 u 13 ( ) e ’tou h e ’ r 19 7 4 ; . At t b u i a  ( 1mm ’ , tIme ’  i m u t e ’ n m t  w o o s
t o ’  t u ’ m ’ i f v  l- hl, \ to pe’ i ’mot i o m m u mon i d  e ’on ’h ’e’( ’t f o m m u e ’ t m o n m i n g  of thur no sa oi(’i: otc ’ ,h so,ftwnor’c’. ‘l’h e’ stilt—
ti - mo m e ’ t imo  a r lue ’e ’Lc ’ol  b v  s u b s t i t a t i m m g  n o m m  F hulA ai  t u m o m l n t t o r t t - Iu ic b u o i u t p o o ta  no kno ,tvn pub se root -c ’

m t m i o l  t l u e ’ r u  m n i o o m u i t o o n ’ i n o g  t h e ’  nuo c ’ nosu r ’e ’ o l  pu l se  i - mi t t ’  u - inn  th e ’ a ou f t t i ’o or e ’ . ‘I ’Ii e ’ I - . hu l A  ‘ a tbm enmse ’i  u’ e’s
ti- c’ me ’ r l i e ’ch- , o ‘ 01  l i v  ru u om i t om n ’ i ng  t ime’ F hi A 1) 00150 ’  rn Ic’ f o r  t h u re’e’ or ie ’ n u t m o t i o m m m a  c ut  th e’ I’. h1,-~ ‘S
ti - i tbu  m’ o ’s p o-c ’ l  t o o  gm ’- o t ’ i ( v .  ‘ l ’ h mis  l ) h i m o a e ’  o , f  I - M ~\ t’e ’m it ’ i ( ’ m o t i o o m i  t t - mua  e ’ oo t u l I ) l c ’t ed l  omi 1 - ! ( ) c to ) l ) o_ ’r

. \ l t t ’ i ’  i m o — t r o l b n o t i o u t o  ou f  ( bu t ’  F I ’M on the  l n i p e ’n i n t h  table ’ , I ;h l ~~ u’e’ t ’ i f i r n o t i o o n  tu~us
r’ t -~~no uu o o - b t on  2~ 0 t , ’ ( u o l m t ’ h ’  I 9 7 ~~, ~

-\ s ho r t  t’ o ’ r a i o h m  of ’ th e’ I- h lA r o u l i h m m t t i c m  o h n u t n o  n u c q a i s i t i o m m m

~i- o h ooo ’mm i-o’ t i n t s  b ) o ’ n ’ t ~mm ’ m u i c ’ d i .  ‘1 111’ n e a o u l t a  of t lu i s  c n u l i h t n o t i o m  j n d i c m o t e ’ o i  ( ‘o )n ’rc ’( ’t  F M , -\
lint  i’ h t i n o  mc ’ no n u t  I no a s o u c i n o t e ’ c h  so u f t t i’n o me ’ o ) l ) e m m o t i t ) f l .  I- : hu lA u t ’  n i f i c a t iom u  tin e a c o u n u i p he ’ (cob ou n
29 0 o c ’ ( i i h o o ’ r  1 ) 0 7 0 ; ,

2. 5, 1 5 f ’n a ( W~ rmm u — o n p  I b c ’ no t e ’  t ,( ‘I ue ’ck m u o t

( I n  : ;o  Augus t  197 ° ; , l i m e ’  b n o s (  u u ’ n o t ’ m u u — o ,mp h’ o e ’ :u te ’ m’ a t i-crc ’ m o ct i u’ mnte ’ d  lou’  t i m ( ’  b rat t ime ’ .
‘ I ’ huo ‘ I mit ( ‘mi t  u , t  t h u h  a l I m i t  iou  I c ’ hmo ’ c ’ k co u t  t i- m i s  o n l y  t o  u- e ’n’i by conre ’c ’t t ’une ’t i on i n mg c) f (he  hc ’ntte ’i’ s .
“~ pm’ ~ 1~1~’n O ii m i s  o - m u c ’ o n m n l o ’ r o ’ o l  i tu  I h a t  ope ’m n o t i o ru  , o t  t ime ’  t ous t  i t - min i m — U ( )  h eo i te ’ t’s e ’n ius e ’ ob  co ) iui  —

1 ) 0 1 1 0 - n ’  h o - so ’)  a . l)u t ’  t o m  omt hmc ’ r  s y s t t ’ t m m  l) i- t m b l e ’ m u u s , I h u l a  e ’ht ’rko u t  t i n t s  t c~ r t m u inmi t e ’ o l  on :~ I
Auu , o n a t  n o n m o l  m ’ t ’ s u i m o o o - t b  oun  I (  ( ) c ’ to oh er  J ) ( 7 t , I ) ui i’ iru g t h i s  t c ’ s l i n g ,  t i m e ’  h o i s t  t i ’n u i ’ i u i — U I )  t ie ’ate ’r s

o r e  n o t ’  ( l u - nil u ‘ o h  n i n t h  d e m o  c l i  t o o t e d  mint  e’ I’oua I i  foe ’s u u i t h u  run ( ‘ f l huo p u l ( ’  r bo o I t s . It is he ’ l l  ( h oo t
at o h m s  tnu Lo ’n u t o o  o I l  m u o i n a t  0 ’ t r o , a l , l o ’ s o m m m u e ’  m mo i a t ’  so mu m’ c ’c ’s or oi t h mc ’ n t i - i se’ chc ’s e ’n us i l  i ye ’ ( lie ’ st’st cmii
t o  m u o o i s o ’  a l s o ,  o ’ h i n u u i n a t e ’ o b  h u t ’  r o m u m p u t e m ’  h u o o l t s  o l uo ’  to c y c l i n g  t he’ h o i st tu n o r i m u — u p  iue ’o utc ’ i - s .

I - :t  ~t it- mo n ’ iu m — lo b ) h u e ’o ut e i t o ‘ i’i Ii ( ‘ m i t  l o i n  t i n t  a C ’ 0 ) mi m phe t  ( ‘ o h (in 19 ( )e ’t ohe ’ t I !) 7 0

2. • o . l ;  ~~~~~o -nu C omum pu t t ’  r (
~p~hr at  ion Wit hout (‘ont u’ol I ’:on o ’l

I n o un ’ oh e ’  i’ tom p t ’ r f o ) r m u m  syste m u u rmo li b m notio m m m m u u u o l  m o m m y  a v s t e ’h m i  t e s t ing  ui’Iu e ’r ’e’ spmuc e min d
0) 1’ c ’ o ) n o i i t i  o , mma oio n u out  n i l  b out - tIme ’ P ro )c e ’ s so o  m ’ c ’ u m r u t r o l  I umu ru e ’ I to t be’ in  cIe) st ’ proxi m ~~~ tIm e ’
ay a t i  ‘ 0 0 0  r m u o i s t  ompo ’ rm ok ’ t i - i t h i c , u (  the c o u n t  h’ o ) l l in t  mmc l — \‘e’ ri fi co l t - lo in  o mf t h is capability t i n t s
I n i t i m o t e ’ o I  on 2 1 ( )ctohe ’ i’ 1 ) 0 7 ) ; .

I lie’ f i n ’  at no ttc ’ nipt  not  °‘I mc ’ moo t b m m u ui-i ( b o o  o U t  ( l i t ’  c omn t ro l  pot rue I mc’ ie:o lc ’ci two pm ubit ’ n i  a.
I” i n a t , it  it - mo a nu mli ’ ol  ( l im i t  mm t I e ’  r the ’ cooi ’up oi te ’  m’ w o o s  l o imod e ’ o b m i no i  the ’ cont ro l  poun d di sconncctc’oi ,
u n I v  0 u hi u ‘ s mi c’o ’ o ‘as fo i l  r u o iuu’ t ’ r o ’i’o ’l e ’  ut-i tim 00 smhuoui’ t  sh utdown could he’ mu cconupl i  shc’ b uu’ it lmou (
no conupute r act -no nuul , l e ’ , It t i - mis  o i l  sum note d t iu o ot if  a long ahutdo wiu it-as corn ma nded ti -it -hi
the ’ compute r m m l i  vu ci rc’o mi l e ’n u o ihl e ’d , numu l t i p l c ’  potve’t ’ cy c le’ s could be perfornued with no
comui put e r s em mo ambles .  ‘I he ’ ob i f f e  Fence is ( l imi t  o le m r ing  mm long shutdown , the Support Pow-er
is  tu m no’o i  o ) ff  mm u m t o u h u i a t j ( ’ n u l  lv  whi le ’  C r i t i c a l  l’ow-er ro,’nu a im is  (In dur ing the roto r braking
period. When the Support P o mwo ’r  got’s o ) f f  n i t  least  30 nu s be fore ’ the (‘ r i t ic oul  Power the
memory protect function in the computer is e’nat) l( ’d , thus preserving tlue computer progra m.

1 ) 0 0 )
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\Vb ot ’um n o ~. h u o m i ’ I  s h u o o t o h o m t i ’ t m  is  i m m i t i m u  to’ I , ( ‘ i ’ i t i c ’ n o  I m , m m o l  Sup po or t  l’ out-e’ r m i r e  tu rnmt ’o b  off ’
si rno i lt n o n ueo u n os l u. l ’Iu i a pn’o oh m bo ,’ mmo ti-nt a i ohe ’ t u t i  t ’ i e ’ o h  on 26 ( ) c’to mh e ’ r’ 1976 no muol no Sequencer
ti c ’ ‘— i g o u  e ’bo n o  m m g o’ ti - no s l i m i t  i n o t e ’ o h  w h m i c ’ I m  n m m o  ih u tm o i tm s  (‘ t ’ i t i e ’ m o l  Powc’r out b oo s t  :11) o u ma mo ftc ’ r S up p o r t
P ot ’, eh ’ is t o n m ’ mi t’ ol o ff foot ’ n o t u v  ty po ’  of a h m o i t , b u o  ,‘,-ti

l ’ h u o ’  st ’c ’ o t h l , h  p m o h u l e ’ m u i  n u m n o n u i f c ’ s t c ’ o l  i t  se l f  m i s  e ’ o m humpuo t e ’ n ’  s ( ’ r o o n u l ) I c ’ s  ui - l io n e ’ o o m uu m u o u n u i c n o t i o m u
ii i t h u  t he ’  1 1 1 0 2 1 ) 0 ) 0  o l n o t r o  m o e ’ ( 4 0 1  a i t l o u h i  c ’ i i n m m p u o t o ’ i ’  ti - mo a l i m m k e ’ o h  to )  t Ime ’  F P h i l  c t m m m m p o m t e ’ u’ . ‘ l ’hu ia  I imuk
j a  t’ o ’ q u o i  n ’ o ’ h (‘on ’ o ’ n u l i h o m r o t i o i n m  n o m m o h  f c u m u r t i o o t m s c ’ c i mt ’ e ’c ’ t I v  tt’hu e ’n tIme I)r ~~re ’as or c ’c n t ro l I )no flo ’I is
e ’o ) h ih i t ’ c t t O b l o u  t h u t ’  I P h i l .  I ‘p om mm o’t ’u ’ic ’t i imig t h m o ’  c n u n u t t ’ oil  I ) mo h ue ’ l  m o m u o l  ( ‘ I i i  h i Ie ’ n i mo rv ~\o I:up t e ’ r
o l r n o i i  i h ug a  i t  t i n t s  i m o t t o ’ o l  t h u m o t  ( h u e ’  s h u i t ’ I o l  gi’ oO o ihm ( l s  on ao ,~ne ’ u t ’ t h u r  c ’ o u m m i p u ( u - ’r  a i g n o u l  I i m u c ’ s
ti 0 - h ’’’ g n ’ o o o n m u o l c ’ o I  i n  ( hue ’  ( ‘ o u h m t t ’ no l  p nonme ’ I  r o a d , t hme ,’n’ c ’t ’o oi ’ c’ , it - e ’re ’ f l o n o t i m u g ut bue ’ mu the ’ I ) oohi e ’ I  uvoos
, l i s c ’ oo tummc ’ c t c ’ l ,  I t v  n u m o o t  imug  t Ime ’  s b o i e ’ b o h  gt’ u o i m u o l  l u o i h m (  i i u ( n  time ’ ( ‘ I I I  \ I c ’ u u m o u r v  ~-\ o hoo pt e r ,
a o o c ’ce’ s s fu l  o u b ) ( ’ i ’ : t t j u o h m  i t i ( h u o u (  t h u r  c o , tm ( rou l  I i n o h m e ’ I  ti -mt s o m c h u i o ’ t e ’ c I .  ‘( ‘his ti ’m o a n o e ’ e ’ o n i u p l i s h u e ’ d
00 11 2~ 0 o t ’t o t b o ’ t ’  19 7 0 . .

2. - o . 17 ~_1_L~~ \ e ’ n ’ i f o c m o t i o u u

\I h- ~“( t i ’ h ’ i f i e ’ r t ( i o t h O  w o o s  b e ’g t m m u O ) h i  27 u e’Iob e’ n 19 7 )  t t’i t hm i t u s t o o l l n o t i o m m  of (h e av ste ’nu
o 0 10 t O t  - I m m o ~ to ‘ m ’ i n o l  :~ — no Xe ’s tnt 1) 1 0 ’ . ‘ h ’ b mo ,’ m o i t t ’  to )  (lie ’ too bl e ’  w o o  a i’eqit i ro’d l) ecaehS c ’  i t  iS nu c ’c ’ o-’ssa n u ’

u p t n - . i t  i o o n m  t h i t ’  s t ’ a t c ’ m m m  r o t  u - n t  n i o u u u s  o i t t i t t m d c ’ s  c l u m i i u g  sp i t i — t u l )  no n d  lot o u m p i n g  cb ie ’ckout.  ,-~ f ter
(hoe’ n0tui (’ , nI l  —i -~— t o ’ o o o  f i i m m c t i o o n m s  u t’e’n’ o ’ m o g n o i n  t ’e’r i t i c ’ c h  on 2~ 

( ) ctobc’r 19 7 4 ; . In o t o l o b i t i o r n ,
t h u r  — t , o m o I n t h t o t m c ’  \ I l ,\H ( h i l m o a s  t m u l o m o l ; o m u t ’ ~’ ,‘ \ t t i t u i c he ’  H e ’ m o o h o u I ~ c - o mm u a o mle  u t -n o s i t i t e ’gm oo tt ’d 0) 0
:~ 0 0~~ t o o h o o ’ I ’ 197 . . I ’ bu t ’  h i i t ,-\ R e - o m m u s o u b e  i s  i’e’qtt i i’e ’ o l ( 00  pn ’o t i d e  t ’ i s i b i i l i t v  d u r i n g  sp i n — u p
. o m m o i  t l m m m i o ; u i m i g  t t ’ s t i h i g .

1 °  o - h i t ’ st m’ u ‘ t o  on’  t i n t s  spurt up on 2a ( ~rtnbe ’r. l ) u s r i r m g  the 11 rule ’ in which eht’e ’h ,a we’re ’
h o o  - i h O ~ h o t , O  o f t ’  t o o  t l o ’ tc ’ n ’ m u u i m m e ’  ( lie ’ sP in  m o x i  a m o t t i t u o l e ’  n o n  e r r o nue ’o a ia  a h m o i tc i o u t - u u  s i g n n o b  i n i t i m u t o ,’ ch
no “ u — t o - r im ~ h u t u t o l o t u t nu . I t  t i n o s  h m o i t c ’ o l  ( l i m i t  rob in’ I u n ’n u k i n g  ui -mi s nut oc ’e ’oo rr i n g n o n o l  m o fte ’ n’ t I m e
noon ’ un : , o I  o h  ~u ’ c ’ o o n io l  h o n ’ n o k i m u g p ( ’ i ’ i u ) d l , t ime ’ su’ s tc ’n m’ o t i - m ba t u i r m m e ’ c I  off t i - i t Im t ime ’ r ou t o i ’ not  m o p p r o x i —

no t o  l i  t o l l  —p o o l .  l I m e ’ gy t ’ ou  it - mo a dmo n u m b  g o t  I n o h u h m’ep hn o c’ t’ oI,

.\ t b o o m t ’ ’ n i g b o  i m i t o ’ a t i g n o t i o u h m  s i u omtv e ’ cb  t i m m o t  t h e’ i’ t ’ n o somm f o r  (hue ’ h m o e k  oot ro ( ou u’  h m m m o k i m u g
t i n ’  — u n i t  I i ’  o - hu mc’ h~ lu rid n’ o ’ s i  s(o m r’ a b m m o c l mmo o t  l i e-en ins too  l l e ’ c b  ton (Ioo’ Pl( I i i u o ide u l e ’  m u  ( hue ’
—‘ i — t o - n u t . I ’ m - n o o n ’ tot r’oo t oor ‘~ p i m u — u o ~~m , (but’ l u m m o k i n g  so ’ o l ue ’mm c e ’ h a i l  be ’, ’n i o ’ n ’ i f ’u ’ t h  ho o t  u n I v  t i’ ith i

t 0 . -  ‘— - ~~o~oi u r ’t l ’ o t ’ , t o ’ r  0 0mm ,

I t o  h’ he n’ t o  I m h ’ ( ’ ( ’ l  o uo l t ’  hoe ’ h n ’ n i l ’ n i tmg  p rom lu l e ’  imu f’ ro mmm i- e ’ e’om i - m ’ i m o g ,  ro l l  I °l ( ) im m o b i l e ’  a ti’c’rc ’
o ’ ’ t u - o - l - , t ’ h t o .  nnm ~~om ’ o- t i o , o t  ( l i i ’  III  lu m o o b i t i g  i’,’s i a t o o r s  h u m o o i  hc ’t ’n i i m m s l ; o I I t ’ o l .  (hi n o o i ( I i t h o m i u , no m mm di —
f i o ’ o t l o m ti w an ’ ,  n o o h t j u ’ o l  t o o  t h o u ’  ao ’ o h o io ’n ro ’ n’  ut ’Imie’ h t t’o u lo i m o l l o m u t ’  i n b u i b i t i h i g  o h l ime ’ ) I 5e’(’ l oi’n t k inm g
—~o - 0 l - o u - n io ’ u’ . i t 1 q 0 1  t ’ o ’ ’ i , so t h e ’ m ou to um ’ s  c ’ , oubo i  be’ o h c ’ a p u t m  i u m n o i u t o r u h l y ~) h ’ i o m r  too aho i ( o lo t i n u.

—u - m i i u , o I ( l o o t  h o  O tt tue ro ’ i m m o p l t ’  t u u o ’ m m t e ’ o h  o mn i 2 ) 0  0 )ctob e’r 1 ) ) 7 o .

H u t o u t ’  ~b ) i h i — o m I ) n o r m o i  m o  m o p i n g  c h u o ’ e ’ k o u o o t  w o o s  m c ’ s o m m u m e ’ o i  on 30) ( ) c tub e’r 1 ) 7 0 ;  t t ’ i t h u i n i t i m u b
t o - ~~I i  hu g oil t h o u -  ga~ ~t ’ i o a i h u g l mo o n ’ o h i i n o  mo n m m i o l  a u i f t u t ’n o  u e ’ . ‘l ’bm e sP ih m m u m u t o m r  poi io ’ t’ tu -miu ’e ’fo i’nu s
00 n’ ( ‘ 0 ow n o n e  h o - o h  by ( lo t ’  co nu m pu te ’  m’ mo n o I t i oe’ nu ge’ru t ’ r ’note ’ ch l iv time ’ Sp ih m hu b uot1o r I° ot io ’r  A muip l if i e ’  r
oS h i l l  ‘A o F I t ’ e - t  m o n i e ~s ui-c ’ me ic r’ i f i e ’ui  fur ’  b o o t h  (b i t ’ spiro otn m o h boo nip f u n e ’ t i o m m m s  . A gyro )  ro tou r
was si oo mu too u °i ~ ’ i - no t ing  5 1 00 ‘ u I  ouno l  mit t - c - n pre’b i m i i i  no t rv d m 0 huu ping sign ou 1 p hoos m u g  m mmc ’ a seine ’ mm mc ’n t s
time- ti n’ s t 5 0 0 ( 0 0 ’ S  s fu l  r o to i ’  t In t  t ap ing is- n t a mo e’cunuip l i shied on I Novej um be ~

‘ 1) 0 7 6 .

It o  o o r o lu  ‘ r to ehmoo m u  c’t u rize time’ spi n m um otor r egard ing  gain n i no l  I ) b i ou SO ’ o f  (lie torqu es
m $p I ) l  i t - o h  l i t ’ t ime three ’  num otor c - t i l l s , ( lie ’ rotor was subs c ’qu eruthv spu n up nut mul l  t ’ig lut plate ’
r c ’ m o t u ’ r s  m u  n i o i o b i t i u m n  to o ub o u u g th e ’ N , Y , mon ob Z a xo ’s .  I ) ur ing  t h is mmuo ) t o ) r  c-lim o roo u t e ’ i ’ i , : mt m om u ,
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( h a ’  -.1 g t i n o  Is ~ o - Out ’ m n o (o ’tb liv (lit’ S hi P .\  no s i t o h! us  t Ime ’  n o c ’ t u m o  I o n  i’i’o’ tm t ti -mo u- t- fo ) m ’ uii a hi tho’
m um o oh 0 m m  o o o o l ~ tt o - i’o ‘ no Is ’’ to -rifl e’, I .

Sb o i h i  n ttu , l o l m o n u o p  t o u m u o ’ t i o o n u  e ’ hme ’ c ’ L o u u t  tints c o uhui l )lo ’tc’ ol uuu u I No muc’n umb ot’i’ 1) 0 7 6  t u ’ i tbu  t h uo ’
— t o c ’ o ’ o ’ s a t o i l  -~p o m u  — O i l )  n o m u o l  o l m o  t um ~u i n u g  t o t ’ bo t bo  gt’ h ’ o o a . h~ u m t o t m ’  a h m i m m — u p s  i’c ’ ( jo i i  m ’ o ’ o l n i p I ) r o i x i  tu i mt t e ’ I t ’
n’~i ’ t o ’Ii —~‘o’ ooti I s ‘ 0 t h  notuol l )o ulh u o o lt ’ t hm tn moj o i m m g m o’o i o oi r e ’ o l nol )pm ’ u )x ir uuooto ’ I u 3) ) ao ’o ’ e ’ m o r h m . ‘I ’hue ’ae ’
t inol e’ s or e ’ o’ o o muu l u no i ’ n tlil o’ t o t  ( l i n ac ’  h’o’t i ooi i’ c’ o h t om ao u p l ) o n’ t  ( h u e ’  m’ o ’ m o o ’ t i o u m u  L i m o ’  m t ’ q u i u ’ c ’ m m m o - n t a .

tIm ‘o I ’ l c’ m’ to e ’ o o n m t i h i o i e  t i i t h i  ( l ie ’  ‘I, — o ’ o o l I  I o t ’ n o t i n m g  n o m m o l  m o u to n’  t t ’ n i m h ) e ’ i ’ r o t o o i’o ’ s t n o b i i b i i m o t i o i m m
o t h u o ’  h m r n ( i l u - go p o n ’ t io t i s  o u t  h u l l -  s( ;  t’o’i ’ ifi o ’rotioo n u , it  u t m o s  t i e ’ e ’ e s a m b i ’ V  t o t  c ’ a t m o h l l a h u  t I m e ’  s t e m o o l y
— t , t t t ’  g,~~t b o o ’t t i o ’ o ’ i i  h ut ’ m u t o u m  n o n u o (  time’ o ’ noi ’ i tv , ‘I ’hui a n o l s o  m ’ o ’ q t m i r e ’ o h  t o ’ r i f v i t i g  t ime ’  c’o oo’ m’e’ct
, o 1 o o ’ m ’ n o t i o o l o  o h  (lie’ c ’ o tr mt i’ o oh Imo’ n o t o’I ’ a b u n  ( l i e ’  I n u s ( m o o t u u e n u l  , \ a a ’ i m i h ly t ’ n i t  h I A t ’ ) .  ‘l ’hi c ’ I _ -U ’ t i n t s

lust  m ’ o o m m o u ’ t m l t ’ t  I t i l t  ho no tu u i  m I t e  m’ o u t  ( h o e ’  l ’ t u m o m r o o t h ) I c ’ s  so ’ (h oo t  n o n  I nuo l e ’ pe ’h uo l e ’t u t  te ’rn pt ’ n ’atu me
mo ‘ mi ’ ~ n o  n o ’ n u o ’ n t  t o t  ( h u e ’  t n t  u - b oos e o i m m m p o r u e ’ I u t s  o ’ o m o o l o l  l ie ’  ooh t nm in o ’ol . ‘( ‘lie ’ n’n mmo ul  e ’o t m mt r o i l  c iu e ’ckottt
t i n t s  i hu i t i - o t o - o l  c o m m  I ~ o o t t ’ r m o I o o ’ i ’  1) 0 7 6  i t ’ i t h u  i m m s t r o l b n o t i o o t m  o u t  t I m e ’  I , -\ [ in (hut’ I - p h i l  H o u s i n g .

‘ b ’ ~u t ’ t 0 o o - m m m m m o l  c ’ oh u tm ’ ou l l 000 i ps  t i o ’ n ’ o ’  e’ tu roh le ’ ob ~_ o ’ o h o i t ’ n t i r o l h u  s o  e’norbi lue ’not c’ r c ’ i t ’ c ’ o o i t  cou ld  lie ’
m i i o o h u i t o o l ’ , - , I e ’ o m h m ( i n i o i o o o o s h t ’ to mut i  I t l ue’mnim oh e’o m iti’ool u i - mis u t h o t o u i i u e ’ o l .  W i t - h i  m i l l  th ’o e ’ r ’ n mal  control

i t ’ o ’ o i i t a  00 1 00 ’ m ’ n t t i  uun, ~, h ut’ s y ” o t o ’  hi i t n o  a nul I o t~ ’ o I to t  se’e’k (hu e ’ r r mm mm I e’qu m l  ib r ie m mum — ,-\t thun o t  pcu nt
time ’  ( b i e m m u m n t b  — u t  p o u i l m ( s  ii’t’re’ e’stmo hh is lut ’ c h t o m n urh mie’u i ’ ni pp roximmin tte’ iv mu 5~ pe ’rce ’nt o b u t v
o u c h ’  ot u r o l l  I m t ’ n t t o  ‘m a .  ‘ l ’ h m i  a e ’bo seo l b o m o m p  t h me ’ t ’ n u n t h  c ’o m m ( r o i l  tc’ s t i n g  ti -mi s eoml)bc ’Ied tomu
S \ o  o~ ‘ 0 1 0 1 0 0 ’  t’ 1)07),,

I ) u mr  I t ig  (bit’ no I o o  o u t ’  t ime ’  i - m im i I e ’ oonut mol  Lu at I hu g, ( hoc ’  n - om ( o ) r  a limo oh lu c’ c’ mu le’f’t ole’ ~seu spe ’nmo le ’d
t o o  no b b u tt - t ho ’ mo m t o o  no l s o o  i’cn o c ’ hm ( hue ’ s t eno  lv s tno t e ’  te muipe ’ i - mot to  me’ . Pr’ c l i  t m u i t u n o  rv cbme ’e ’k on tt  of
t h u r -~n o p  ai’uo — iom g t i  m o ’ o o i t  mu’ m o t h  l ie ’e nm n o c c o m m m m p l i s b m e o l  on 31 ( October 1970;. At t h u i s  t imuic ’  blue ’
— 0 0 — p u  r u ’ It ’  I no ad oh - a d o  ap t ’t io l c ’ I ro ton ’ goops tie ’ me’ o ’ s t n t  hi is  he -o f  u i - i t h m  (hue’ r’otcn’s n o t  (lie ’ i r

- n ’ n o t i n u g  (t nu u l ) c ’ n ’ n o t m u i ’ e’ to t  l a o t ° I” . It a l m u o u b o b  be ’ nmotc ’o l  t h u m o t  no goo p n i c ’o uaure ’m uuc ’n t  i s  p e ’ c t u h i n u r
t o  no  gi t o  ‘ to  gu t’ ’ o no n m o h  l u m o i s t  he’ m ’ c ’ e ’ a t n o h h i s h u e ’ d  t t’I uc ’I u no g~’i’ o is c’hmou nuge ’d.

\V It  hi s h e - n o ,  lv at no t o ’  g no l~ nmu ’ nt  sot  r’ e m m m e t u t a  o he ’te ’ n’nui  n e ’o I , e ’lmc ’ckout o u t  time ’ Z — e ’ ui  I h e a t i n g
n ot uo l limit’ Imo’ ;o( i tig t’u i ni e ’tb on ia rt ’aotm mmo ’ ol oom i 6 Nouu ’ c ’ t mm h e ’ i ’  l ) o 7 ~~. ‘ l ’ huu ,’ f i i’at f u n c ( i o t r u  u ’t ’n l f ie ’o h
ii no s ‘/, —t o o i l  t o ’ , !  t I mm ~ . /0, m ’ o o u g h i  n u u t ’ m u  aol m’e’ nmue’mut I muc h c m i  tc ’ol tIme ’ o’o ) t o i I’ hue’m i t i  U~~ In u te to he’
n o 1 i j t n ’ o x i n n u o t u ’ l v  I I  b ’° b - ’ m o m i o m .  ‘l ’Im is Is  t u t u n oloo m t - o’ (hu e’ i’e’quire’ol rmui n hn m ’ooonu m b u e ’ m u t i t m g  n — net - c ’ o o f

‘ i t m m i n u ,  I ’b m e f ’ i t m o ’  n ’ o o t o o i ’  l i m i t - b ug noti o b ol eg ’ r o o o a s i m i g  f o o m u c ’ t i o o t m a  tu’e ’re ’ n o l a n  t ’e - r i t ’i e ’oI .  \ Vi t lu
t h o u ’ s o o c ’ o ’ o ’ s s t t o l  t o ’ m ’ i f i o ’ r t t i u o n  o f  n o h l  ( hoc ’  sp it i  o n u o m t o u r  f’ u n t ’ t i o u r m s , \ I I - 5( ; u ’e ’r i t ’i c ’ m n t i o u r m  u t ’m b s

e .o n t u l )lo’tu’ h o u um — Noi t-e miuh s ’ i ’ 1970;,

1. - 0 . I — (‘n o h i t o m ’ n i l  I on m m d  Nm o u - lg o o ti oo ru Soo fttvnm re’ ( ‘ hue ’ck out

‘I ’l u i — i nt u’gi ’no (bu o n m tm oak it - mo a ihui t imu tc’o i omim :1 \o)t-emuuh )e’r 197); ut’i (hi clue ’ckomut of tIme ’ n oobnopte ’u ’

e’ n o h h o ’ n ’ . m ’ o ’ o l o ui  m u d  too o ’ nm o oblt ’ I- . Phi l  b i s t r o  Ilno t i oun o on (lie ’ ( 0 0 0 ’ r y  :1—noxo ’s tilt (nob le’ . ‘l ’bo e’ e- ohu k ’
e ’ b o o ’ r L o m o i t u i n o  a o ’ o i o m t l i h t ’ h ’ o h  o u mu 7 \ om i ’ e ’ mu u i ) e ’ l ’  197 ° ;  i rue ’bu o l iu u g  t ime’  e’oirt ’ t ’e’t i o o m m  t ot ’ i ole’ntif ’ie ’o i

ci i ’  t i c ’  i t ’  fl c i t ’  s

( 0 m m N uve iuu he’ r ’ 1 ) 0 7 ) ;  the ’ I- ; I ‘hi lou ( tie I’-,’ ruuc urmt i  tm g bunt  r duv ot re ti -mi s I mus t ou l  l e ’cb in time ’
0 0 0 ’  I’/ — 1 ) 00 r - ing mu pe’ r i o m o l  wh e ’nu tIm e I :  P hu b tvas off , (lie ’ pt itt’ ~’ i’ cable’s we ’re  m o ttno eim e’tt to t u e
ou r r , no o b o o p t t ’  r e ’ m m h h ’  a no no l  t Ime ’  l- I’ h I  b i ( i t% ’( ’ i’ t ransmission t ho u -ou gh m time’ ( oe ’t~z at ipt ’iflgs

ut n os  ve ’ r l f i e ’d .

l’ r i or to I n a t n o  I I I  hO ~ t I me’  E I ’M on time ’ (;oc’r i., thu  rue o b r i  ft doo (mu soo ni ip les we’ re’ obtm o inm ed.
i f e ’oiu c ’t io n o t  h o t ’  ob o o too  gout - c’ mini  n - mum 4 o m nu g he’  r c ’ou bt ut noise n u ue’ no  sure ’ iuu ent  of he’tti ’e’e’tu 0. (12 mii i’

0 ) , (03 ni t  m ’ . , \ I I  o u t  ( l i t ’  n oise mo no su r o ’muo c ’n ( s  we ’re Ic’ss t l i n i i i  tIm e (0 . 03 m uir r i u m s  r equi re-c l
f o u r m o o ’ o - u  - j o l t h o b o ’  at s b ’  m o o  mm mi u - i gn i t i o n  p o’ n ’ t o o i ’ m m m m u r i ce.
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I ’ t o o ’ I - I ’ b I  ii no a I h u a tn b b b o ’d oml u (lie’ ( ; 0 0 0 ’ m ’ , oo t u 9 N o o v o ’ t u u b m u ’ m ’  1 ) 0 7 ) ; .  I ) oo i ’ i Iug p r c ’b i  m u ’ o i n o o  rv
e b t o ’ e ’ I ~o u o o t  n o t i o l  tt h m i l t ’  I o o u i t ’ o ’ o ’  t i - mis  m o l ) p l i t ’ o I  too  t Ime ’ a v a t o ’ m u u  by p a s s i n g  t hu c ’  ( o H ’r ’t s h i j m m ’ i o u g s ,
t ime ’  ~t — . t t ’ n u i  e ’xp o ’r i o ’ t i e ’ o ’ o l no mou to n ’  o lmop t i ’ I i i I o ’  a~m i n I m i n u ~n,, ( I m o o s  t I n t  l u m o o g i m u g  ( hue  gvi’ o i . S u i m s ’ —
o b 000 ’ m ut i r u t  u ’S t i g m t t  ion sb o oi t u’ e ’o h  ( I i i ’  u’o (otr o Il ’om l i i t - mb a  ob t i e ’  tom b r o o k  o u t  p r e ’ I o m n u o l .  ‘ F l u e ’  1)r ( ’I o m o d  ti -no a
b o a t o b o e ’  to  ,o s h m u u i ’ t  o m h i  t i m e ’  1 ) )  kIt’,. si gm m no l ua e ’ol m m  ( hue  g o ’ t u c ’ m ’ n m t i c u u  out  ( h u t ’  I ) r e ’ i ( oou d  s i g n a l .
Vi 00 00 t h o o ’  “ t ’ s t e ’ n m u  it o s c l i s : o s a o ’ t u m h l t ’ o l , mu a m m u n o l l  s l i t  e n ’  ut ti-i i’c’ ut - mi s  f o m u m u o i  I o m d g c ’ o l  u n mdc ’n’  oouue ’
id (lie ’ 1 0 )  1i l,  a i g o o , i l l o o t - a . , \ l m b o n l u ’ e ’ m m t - I V  t i m e ’  ti I m’ u ’  nmuo mte ’ oI t u ’hu i bo ’ t hue ’  m o i t o o r  t i - m i s  sp i n n i r o g ,

s 1 o , o I ’ h  I o m n ~ t o o t  I lot ’ 1 0 0  k I  h i  a i g n u n o  I too gm’ uu u m i o l .

I ’ h m c’ gt - m’ o o n ’ -  t t o - i ’ c -  h ’ c ’ I t l n t ( ’ e t l  t u i t b i  no u m m—’ i Imo ’ r t i m ul gi’ n o o l e ’  itmst mu iuie’nts , n omud time’ a~’atc ’uim
it n o —  t l i o o m i o o u g lub u ’  o’ imc ’ c ’L c ’ oh moot  p m ’ i o o n ’  t o o  m n s t ,~o I I n o t i o u t u  o u t  i n u o ’ i ’ t i o i l  gi ’n o o b c ’  gy r os .

(0mm 1 I N o o te’ muu he ’i’ 1970; i u mt’i’tino l gn’no (le’ gvn’o)s uteri’ inatnol l ech iou (iii’ avsto’rn m on o l
st’a t t ’ m m m  o o l o o ’ m m u ( I o u n m  t i n t s  v e r i f i e d pi’io)i’ to) rt ’instno ll mmti otm iii th e’ Goe’n’i,. St c’m oob y stm o t c ’ goop

t’ e n u i b h n u g a  h e r e ’  o h e ’ t o ’ m ’ m m o i n e ’ o I  mm i i  n m m m o o ( b m e ’ m  30 r umino i t e ’  o l t ’ i f t  sot muup he ’ ut ’moa o h t o o i n e ’ o b .  , \ g n o i r m ,
r o l l  o u f  t I m e ’  no mugle ’  u’ c ’ r o  o b u ao t  hu o mise ’  i u m e ’ n u a tmn’ e ’ t mme ’nut s  ti- c ‘me ’ Ic ’ as tb m rt  uu tI - i c n’e ’qui re ’oI (I . 0 ) 3  hum r m u  a

l I me ’ —t - a t o ’ m i i  t i - mis  n’ o ’ I h u a ( : t l I c ’ l on ( lie ’ ( ome ’ i ’ i o mr i  17 Nou’ cmbe ’ r 1 9 7 6 . A fte r hntb otn c in g
b lue ’ ; o m e ’ m ,  t o i ble ’ , sV s ( c ’h ui o op t ’u ’ m o t i o u n  w o o s  m o g m o i m u  t ’e ’n’I fie ’d tu bu le ’ h i v p o o a s i m m g  tIme ’ ; o~~’r’ i
s l o p  I’ ito a

1’ b u t’ I i  r a t  m o t t o ’  m m u p t a  to no I~P’Y pou t’ r L o u t h e’ F P h i l  tbiro mug im tim e’ ( ;oe rz sI ipiing s uvo ,’re
0 0 0 )  ~ !0 ’( ’o’ a s f t i l  . It tints fouu nud thm not thue ’me’ ti- nt  a no I n o  mg e ’ t - o l t m u ge ’  o l m op  t i u r o ) u g h m  time ’ a! iprings
ooru ti me- 2 t t I c ’  h ) t ) t te ’  I~ hoc ’ ir mg supp l ie’o l tom t Ime’  (‘ 1) 1’ hIt ’  h ii 0t ~~t ’ A o lmt pt c  r U o m x _  ‘l ’hu i s pre ) i) le ’ am
ti- nt s c o o  m ’ n’c’rt c’o I I ov I n s t ro  lb  i tug mu u - no m inob be’ toil tmo ge’ poitt’e ’r supp ly c o t p mthle ’  of o i o o tpu t t i  rug

1 ) 0  vole’ . It ti n ts foo ommoh (hnot (hue’ supp ly im m o ob to ) lie’ sc’t to 31 vole in oin’ ole’r t o )  stOI)b)I\’ 2~ i- ole’
rot tIme ’ ( ‘ DI - \ l u  ‘ tmu oui ’v .\ olmu pte ’ o r ot inue ’cto in - . Success fool  ope ’rm ot i o u u  on (hu e ’ G o ue my t i me S
oi e ’ hml o’ uu’ o l om it 1” Nut’(’mu)b)(’r 1))~ 0 ,

‘I’ but’ fi t’ at I- hI /0 ( ‘nob ibm ootio n it-mu a pe i’bom m ’nm e ’ oi  on I a Note ’  mber 1) 0 7 6 . ‘1’ hu e’ o latmo ti-mo a
r e ’ o b o u e ’ e ’ o l  m o m m o l  ( h u e ’  n ’ o ’ — u lt s I n u dic n m t e o l (limit (lie’ N — I- h u l A  ti -mo a h ut oup erm uti tug e’cumr’ e’c’tlv. In
ou t ’ o’bc n ’ to c l o t  n o b  i t u i t i n o  I e ’ Im e ’ e ’kt oo n t  of tIme ’ gyro  o b o u t n o  e ’ ou l l e ’ e ’ t iom u n o t m t l  r e o l u c ’ t i o t m m  pmo g t — no  ama , it
t in t  a de ’c i deo h t o m  sp imu — t op  time ’ gy ros  I)ri000 ’ to m i’e’p l n o e ’ i n g  t Im e’ f- h b , -~, ~Vhut ’ mm pool h mo u d e o l n m n u p i n g
ti’n is m o t t o ’  nuup t e ’ ob i t  t i n t s  f e m u m uo h  ( hu n t (h o ’ Nu . I ( v~’o u’ oot ui’ c o u l d  m u oot  lie ’ surc ’c ’a s fo i lb y  d m 1  Iuip e(I .
U e’p o ’nm te ’ d  no (to ’  mmip t  a no h s o o  ti - c ’ mt o i i u a o t c c o ’  s a f o i l  . t t  w o o  a ole ’te m’n mi t ie ’ ob  t h u n o t  t iuc ’ m u io t ss  un ubmo m ince
on t l ui  s pr o r t b r o o l m o  m’ l’o i t o ) r  i t - m i s  soo t - l i  t h m n o (  i t  ti - mu a o b i f f i c u l t  i f  mmoot  i tuuposs i hbe ’  for b lue’ e’o t umputer
progr oonu to re ’co gnhi t ’  tIme ’ poihode fanu i Lv in whic h time ’ rotor has been spun—up.
‘l’h e’ svstenu was removed from t ime ’ ( oe ’r/ , and bot h t h ue ’ No. I Gyro and the X — E h i l ,-\
we ’rt -  re ’p l n mc o ’ o l .  Sub so ’quo ’nt testing of t iu c’ I’ ; hu lA at t lue ’ componen t le ’vcl ve ’ni fi c’d the
fa i lu re ’.

‘I ’ I t o ’  aysto’ nu it - no a r o ’ i n a t o u  I l t ’ o h  oiu (hoe ’ ( ;oc ’rz o n m  2 ( 0  N ou’ eiuub e r 1 9 7 0 ; . ,-\ ii I: h u l A
c-al lb r ation was po ‘n - fornoe ’d ui - i t  ho no ee ’o’ptr o Iu le ’  re ’su I t s .  It uu~o a irmt e ’n d c ’o l  t o t  spin mind et o o muip

t im o ’ gu - moos in 0) h’ o I c - i’  to ) i’ o ’ soi  m m o o ’  ui  mi t t  no nd no ng lo ’ c m i  I i l i m m u t i  on c’ imeckout . I Iouu ’et ’ e’ r , nun  uso ,’i l Im o  —

(h uh om r u ou rm e od th e’ (‘1m m i—ge’ ,\nump li f i t ’  i’ l iouno  m’ o h ~ ti - no a o m g o u i n  po ’ese ’mut . Thiis omacib Imo t io t u  l intel  bee’ti
nmo mtt ’d on tut u prc’u loo i s o ue’o’mo aions bout bunooi o h ant PP~

’01 re- oh uvlmen time’ (‘limo rge’ A imipb ific’ m iuu udtmlc’ s
r e m i e ° o o ’ o l  0 0 1 0 0 ’ m ’ n u ( h h m g  t o ’ n m l u o ’  m ’ n u t t i n ’ o ’ . ‘I ’ I ut ’  1)muhk ’nu b m o u o l  m o h n e ’ m u o l v  hue- n is ol o i t c ’o i  tou putu l ’  fe c ’cI—
t I m roug hu Im olo ’s ton ( hut ’  te ’ f l t on m I m o  s e t h  (‘limo mge ’ A iump l i flu n’ m u -m u lti lmuve r 1)001 rohs . l”i bc’r g lmi as
bm o st ’oi hon ro I a ui-c’ i c  lot’ i mug foil on cmi te’oh no S i’eplom cc’nui e’nmts. ‘Flue fibu t’glnu sa hoot rols were imot
tO) h’ n i ‘ n o o i v  nu nt i I oipprnxi nmu mo t o’ Iv 27 Noive numbe r 1)070; mm nd rottlme’r than obe’Iou ,v testing until
thon o t (I rue , t h e ’  ‘ h o ’ (‘h a l o  01 0 %i’~ a a mmo ole ’ too coint i  h ue’ I ntegroi tion tes t ing if the usc i l l  oi l  i ou n woo s
not pro-so ’n t  . ~ n t hul  s u m e t r o  a ionu time ’ t ) s c i I  Imot i o t i  d i d  not di smupp e om r when (hue ’ m n im m u I ~t~u hii  I i  m o b  b om u
w :o a m o e h u i e v o ’ u I .  ‘I ’ l i l a  n ’qom m e d  c huo m n g in g  ( hue ’ ( ‘ l imo  m g c ’ -\ nmp l i l ’ic ’r.

1 9’;



‘( ‘ h i m ’  i l i ’Xt  t l u n ’ o ’ o ’  o m i t  a ti’o ’ n ’ o ’ o i( ’t’ o ) t o ’ o l  t o  m’ u ’ i ’ s ) a l m h i s h i i i i g  go ooo b i-n t s ) o ’ i b o  o u j o o ’ m ’ ~o ( i t n u  t o

mob bco ’ot m ’ o ‘simm hut ii t hu oh ’ cot I i  I m m ’ o o t  i o u i u  e ’ I mo ’ck ou t .

( u h m 23 N coi ’ t ’ m u u h o m n ’  197) ;  ( 1 m m ’  s t ’ s ( o ’ n u  w o o s  m t g o o i m u  o p t ’ m ’a t i n u g  omu (Iii’ (;t)(’m’,. ,-\n Fhi1,\

c ’ : o l j l o m ’ o o t j o m m  was h u e m’ f o i ’ i lmo ’ Ol  w i t h  moe ’ ( ’ ( ’ h o ( n o h o l o ’  n ’ o ’ s t m l t s .

‘ h ’ h u u ’  n ’ o ’ i m m n t i i m e b e m ’  of N e o t o ’ m u i h o o ’ t ’  \~o o o s  ( lo ’ u’ ou t o ’ o b  to )  o’ u ’ s o d t i n m g  I o n ’ oi h b l o ’ f l u a m o s s o c ’ i n t ( o ’ i ’l w i t h
a o i~ I i ’  o u tmo l  d i-i I t  c l a ( n m  o o c ’ o h t m i  a l t  io m m o m no l  ro ’du c ’t i onu . ‘l ’ lmo ’ I tm’ og i’aiui a w hio’ l u  tm’o t’i d o ’ ( lie
(‘Ofli bu i l t  h i i ( ’ O O  t ion I i  r m k I u o ’ t  i t e m ni ( i uo ’  F I °h i l  (‘o m u m p u t  e’ t’ mind ( I i i ’  1 1 1 0 2 1 0 0  oho ( mm a co 1tu is i t  ium u e’onu —

ju t i t o ’ m ’  ~t ’ u ’ i ’ u ’  o l o - I  oi ogn ~o’ ol . Imu oud ol itie onu , n o si t uiih mo m - o’t’l’om’t w o o s  orm uo b o ’ m’u i ’au’  onu ( i m c ’  gt  mu an glo ’
ammol o i i ’ i l t  o b a t o u  n o e ’ o 1 m n i s i h i c m m i  m i n d  m ’ e o l ue t i o mu pi ’u gm ’a mlu s .

‘l i m o ’  g~ m’ o an g lo  ‘ i’ o ’a d oiu ( amid (I m ’ i f t  o la too  a( ’o~u is  it  lo u n o nd clou t  on m ’educ t i u t i  j on’ o gm ’at u u 5
c I t  ‘o ’k oo i t  o ’t ’fo u n - t  u t -mi s sonu u - w h a t  int o’ m ’ t ’up to’d d e mo ’  to mm n usc i I l o o t i o n u  on om u o ’ 0) 1 t he  ( ‘limi 0 g m
,\nu phi li on’ n uu oo b i u  h’s. ‘l’lu e osc’iI bat ion Ii ouol I m m ’ o ’v ie i i i s lv  h o ’o ’uu i sob not o’d to  no jx ) o ) u ’ feo ’ol t  hu ro uc ug h i
hiol o ’ olu (he tef’l et u boost-cl i um u lt i lno t o’ m ’ b oot i’d, I- ’ib o’n’g lmus a hmmsed (‘limo n ’go ’ \nu p h i l i e o ’  muuod ulo’s

~i’o ‘mc’ r o’e’o ’i  t o  ‘oh tutu 2 1 Noto ’num It o’ m’ 197)  o u mu ch , sj mit t ’ th uo’ syst rmuu had ho-emu cuff do m’in g (ho’
‘I ’ bmnm nm Ls iu ’ i tug hu h ido ov s , (h c” so ’ hu ew (‘ I uoo t ’go ’ Am iu p l fit’ m’ ruuoo lio ho’s we’re i must a I led cm
2 )0  Nou’o’ iuuh t m ’ i ’  1)076 , ‘l’Iu e IA I’ was r ea sso ’nuu hl  o’ol mu nud t h o ’  svs t  c-ni i nstmo II o’d on tim e ( oo’ r’z
3 — n uxi a t o ol  ml o ‘ fe) m m o -a o l  nuu pt jomu cot the so ftw’a i’o’ chu c ’ekou (

b” monu tiuui - t oo tinum durimug NOV -flul)er, t lu~ t riax cables uu’ hi e ’l i  c’eummo- ’ct h u e  CIm:o t ’ge
Aii m 1ulifio”rs to th e ’ suspension elect ronic’s had to ho-’ chnmugc’d or ’ mep ai r o-’cl . ‘I’h o”se problu-nu s
n o  ‘ s tilt o’d Ia n’go ‘ I t  I romuu hu ni nuo ll m ug no nud tic’ i-c’ mostly nuumc hn m n u i c ’ah iii nou Lu mc- , ‘I t) o’I l iii i uuno t o ’
h is t u’ jm o’ of 1 ui’ohl o’m , (lie I i’iax n t s s o ’t u u h t l v  was m i u o di l i c ’ o b  so (hoot time cm o h l  c’s uu’ero ’ s i gn i f i  —

enumu t It - ium ou’ o’ fl o ’xibob o - .

)mu 3 I )oc’c’mI oo ’  i’ 1)07);, (lit ’ Ii o’ st F hu b — \ obmut o u 01( 0101 sjtie ui u mind eat ih i m ’at lonu was simcc’ess —

oi l lu c’eun mm l~
i o ’ t  o ° oI ,  ‘h Im i ‘ e’al i hi-at iou h -p alo I t s  couni  I on ) m’pd fat-u u’a huiv (o~ thoso’ t)l m (oo i muo st out the

(‘e)mu u ix )mu o’n mh le i o ’b .

Af t o n ’  idu ‘rut i f t  I mug amuo l curio-ct i mug so ’t - c’ co ol sc f’twa me eh’ro n’s in both (lie chat mm a c qu i s i —
ion :‘ ‘oh ol nut a i’ m ‘duction pm’og m - ai mi a , (tic’ I i  m ’ st  succt ’ssfiol  gu ru atuglo ’  m ’ o ’ a o l c uu t  c-m it j im h a t  ion

woos c’t )flm h iI o ’b’(l m u  -l I)u’o,’o’rmuho’m’ 197°;.

I-t u t u 0 m n ’ n n o ’ — ( o — t i m m m o ’ , ht ’gi n u m u i n g  co n 30 Nou’rnuhoen ’ 1 9 7 0 ; , i t  w a s  nm ob ’o b t h a t  tom’  shor t
i i ’  i’i e)ds it n I l 01)0 ‘a m ’o’ol thnm h thur F I ‘hI ttu e’i ’n umo i I ( ‘c ) lmt n- c) ! loops we ’m ’ c’ ae t iuu g  I iko ’  a fu ti—t m

It ol 1 0)11’ st’s (o’hum t’ather tluommi m m Imi ’ e )lR )m ’ (iomloOI rout m’ol su’ s t o- n u . ( ;m~-at di ffi cuu lt v thu u-lag

b mob hm txl t ’ cia mmm l mi mug of (lii’ ro o t t  m n’s was 0 ‘X~ to ’  h i  o’nt’e’tl cue’ ( ‘005  j o n a h  Iv. .\ I so, cu t h o ’ n’ I th’ o ) I  mlo ’iuu S
b o o ’  i ’i exti (’m tlbV ni huh )(’ou i t ’ d  wh ich Wi ’ n o ’  n ’ o ’t a (c ’oI to pom ’l io mus of timo ’  softwa i- c’ wh ich h a d  hut -c- n

o 0 0  -\ i omoo ~ I u’ u~x’ n-al i nm g Co n’n’c’c( Iv. 
( )ni -I I )t’ct-nuhe-o’ 1976 time -so ’ Iir ohul c ’nuu s i t o ’  me nil 1 at( u’ihuute’d

t o )  a bm rOth’ ti i mi sso ) (’imo t i’d wit h ouuo’ 0) 1  t lm o’ o looUo t m nu nusnumi ssion lines lmo’twmo’n (tic’ A I) (‘on-
t o ‘n b o r  omnd (hut ’ corn Pumt o ’i’. ‘I’ht’ ola tni Ii mum’ in o1uo’st ie ,nm ii’, timId , omu euccas iomu , i’m nuunii mu ‘‘onu o- ’’
so ‘ I , ‘J’h o’ data  Ii rum wa,s inst mu nmu -’nm t i’d mind moni (on’u’d, I Iuu i’ o ’vo ’n ’ , af( mu’ lash m u t nu o9 m t  ni t  ion ,
(ho’ I urol mte ’mTu fir i o n  n’ o ‘o ) o ’C ( i  n’ u- oat . I( is ft’t t thm ou ( t hue item i-k (10 Ouo ’ to ) imust m’u mo-hu t limo ’ o l a t n u  l i m i t ’
corre cted the probte’nm.

)uu 9 I )rcernbm ‘ n ’ , aftt- m’ ho-i ng cm~o min d spinning tom’ a o ’ u m ’ n ’ a I  hot o m ’s , lim e gt t’ o m I ’ u ( e )  1’ in
(h e No). 1 ch art rn ‘I I ncu m’ r’ -d a limb 1 —Slx’ed oh rop. ‘I’ lie 1 ‘2 (‘e)flfle(’(e) u’ tutu (‘ha I -ge ’ ,-\nm pl I tic’ u’
No, 1 was found to tmo ’ not t’em lt u - engaged althcniglu i t  was t ig h t Iv SN’U m’eol. I ) isc ’ngagm —

flu ent revo-’aI~ J that the teflon sleeves inside the conno-etom- bu :mlves were misa l igne d  and
cIa flint g o d  shme wl mug 0’ t iou ‘ncr of iou to ’ n-to- n’o’nCo’ whe’uu ( m’t - i tmg (0 o’mugage’. ‘I’h ut ” (‘c-n it t’ I’ cond ue ’to i’s
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h o o o m l  : m j o p o o  0’ ‘nu tl i e u n u h i  i u u m o o l o ’  a uo i u u b  ( ‘omi t m i t t  whi t -n  asso ’m ui b oh ’d  0 ( h i t - n - i ’  is  m u r c u m u t  i m m t m  lb  t (‘bio’(’k

ni t  i s a ’  ‘ n m m b o l i  0 oumid , o l t oe  to t I m o ’ i ’ n m o i l  e m i t i o h l t i c u t i s  w i t h i m i  ( b u m ’  l , - \ t  -
. Imoud  becomnio’  j n m t o ’ m ’ n u ’ i i t ( ( ’ n )  —

I ’ h u i a  i m i ( o ’ i ’ m i l t t ’ t m t  t ’ O n i ( l l ( i o m m i  : o I f o ’ c ’ t o a l  s i g n a l  t m’ a u i s i u i i s s i e u ns  fm’om u u ( l i t ’  ( ‘ h m n m r g o ’  ,- \ u m m l ) I i t i ( ’ t ’
000 t j i tt t t o  t i m e ’  2 p l n o t t ’  o u t ’ t h u r  gi m o m . ‘l ’i u o ’ e’ t m m i h u o ’ c ’ t o n ’  wnm s  n ’ o ’ j o m o i  n ’ o ’ o t , l i m o ’  l , \ t ’  n ’ i ’ o o s s r m l o l r d ,
m o u t h  l I m o ’  s o t s l o o - n s i o n  s o ’ m ’ u t  o u b ) c ’ o ’ a ( i o n m  ,s tuc ’o - o ’s s l ’u h l v  i’ o ’ t r m ’  j I b - o h .

\t  t h d s  ( m i i i ’ , ( h o ’  sod ’ t w’oo m ’ o-  e ’I uu ’e kt o i o l  ut’ols l o -mu i l ue u m ’n o m ’ i l i  ~t t ” ~1 oo ’ n~ b o ’d 1 m m u m ’ o b o ’ m ’  t o  n’ o-ut’ cum ’ k
no ~ un ’ t  lo t i o u t  ( h o ’  1” 1 ‘hI ui -i m ’ i n m g ,  ~— e - u t ’ m ’ a i  ut -i n ’ i n ig  t ’ e onmnuo ’ o ’ t  b u m s  h ood b o o  nm I o i’o ko ’n ut’ i m il  o ’ s t s t o ’n i
n ’ o ’ ui’oi ’k :o t mo l  cu t ’  i’m~t ou i  m’ t i -mis I o o ’ i t o g  m i c c o u i m u j m h i s l m r d , ~ i m u r m  on l u l l  ou ~u sv s ) o ’m  e ’ o t h i b m m ’ a ( i o u u m  was
-s s’ - n i t i o o l h i  n i ’xl , t h i s  o o l - o j m o n ’ I o u m m i h u  was t o oko ’ nm to m’ o ’t t ’ oun’ k  a l l  w i n ’ m n u g  whui e ’ lu hia o l  e ’n u us ro’ b
o o ’, m b  l o - n u i s oum m ol  o u t ’  ut’ o - m ’ o - j x m t o ’ m i t i n u i  p r obl i ’ui o a m ’c -a s ,  ‘l Imo ’ uu ’i n ’ imi g  t ’ u ’ woi ’k u i : os  o ’ou rnp lo- t o ’ ob  t o ni

o I )  ‘ ‘ o ni  b o O ’  1)) T f; .

‘I ’h o ’ f i n ’ s )  t o u t n u l  si s to ’ muu  c ’ a l i l o n ’ a t i u n m  ut ’mt s c’onup h c ’ I o - o I  omu 11 l ) r c o - m u m t u o - n ’  1976 . T h i s
j n m o ’ I t o d o  -o l F hi A cab i b n ’ a t i t u m m , gt  m’ c o ounugl e ’  n ’ c’o m o l o iu t  cab i b u r a t b o n , gu n’ c) oI n ’ i f t  cal l I o n - a t  l omu , mind
n,~u ’n i o ’ i ’ m O t i e 0 h i  ouf  m u s t  m ’ o, u i u i o ’ m i t  u ;u m’ am ui o ’t o’ n ’s to  1 o o ’  u~~o-d w i t h  t h u o ’  om nou ’ig oo (io n u proug’n’anu . ,-\t li m b s

I n m u ’ , c - li t  ‘ c’ ko ooo t  o o f  ( I i i ’  l i m i t - i  g n o t  b u n  m u g  n’amum on L i m o ’  a ’,- s t eni u  cunu tuu rn c ’o ’ct . It sh o i u td  ho-
u m eu t o  -o l  t b o u (  ( ‘ o u m u s i ( b o ’ m ’ n o h i I o ’  n Ol u ’ ig ’ m u )  j o mu pn’ oo gm’am u i  ( ‘Ii ( ’( ’kc ) tht  h n oo l  ! o o - o ’ O i  o m c c o u n m h u h  i shed I 0 0 ’ i o h ’  too
t h i s  ( m u ’  u ( i h i i m n u g  no Si s ic - f l u  s i n u i i t o o t o n ’  ~) m’ eug o ’ no h m m . l )uu m ’ir m g (Lu ’ i n i t i o u t  c ’hu ec ko imt n im n ’u t ’mou ms
nmo o vi  g r i t  h u n r uns  we m ’ o - al t  o ’n u plc -ct .  ~ o - t o ’  t o o l  p ’ ug i m u  h - mi (‘ ci h ’ i’( ( ’t  lotus mind ‘om’ mcxli t ic -at  l t ) f lS

i to ’  0 ’ ’ ’  n t c ’ t ’ o u n i j u l i s l m r d  is  on n o - s u i t  ou t  (Iuu ’s o ’ mmoo i i g:6 j o i n - i  o ’st S , ~ i mico ’ i t  was a d u ’m u mu t nugo - e o e o s
t o c  c t u n m m b m : o  n o ’  t h u o ’  F Ph I  o e ’ s i u l t s  a g n u i n i s t  t h m o ’  j o o ’ n ’ t ’o n ’ n m r u t i t ’ o ’  e u l t t n o j m u o ’ d  omu th i o ’  o -a i ’bi en’  N~~7~-\
S t a t  o -h uu S , t hi u ‘Sc ’ ( ‘h t o ’( ’k otu t  a n t i  1 got  b l o o m - i  n - it nus i t o  ‘c i ’  100 ’ n ’ I o i i u u o - o i  w i  ( h i c uin ( m lii I) l c ) ,i ’I ru g thu r ! ,-\
h’ o ) t ) t  i t o t i  o ’ a h ) n o I t i b  i t v ,

thu 13 I ) o ’c m nu h c - i ’  197’; , it  woos n u c o t i e ’ o ’ o t  t h u n u l  l im o ’  mo t or  s b u i - o ’ o l  on (hue g\’ ru in - i 1~~5i t j o o ~
No, 2 ut-as c h m n o t m g i m u g  up  to -I I I i  as L i i i ’  a t ( i t u d o ’  0) 1 thmo ’  F I~b 1 Imo o t os ing  woos chn ) nugc o l , ‘l Id s
mo- r o s a i t o o t  o’(I ( ‘h r o  n i g i  ng ( ho-  s o ’  h ’i’ o mutu ( c’ h m h u v b m  m’ i d ou u u ( b u t -  g t  m’o No . 2 sI i SI ) e ’mus lon sem ’t ’o muuo du l o ’ .

\ f t e  n’ t o ’  n ’i f t - l ag  n’ot o o m’ a jumt ’( ls  u t i t  ii th mc -  rio- u t’ muu t x i u  I c’ , a c - n ih  j i m  u - out  i t ) ui  so ’quoo ’mu ( ’o’  was
l i m i t  i o u  ( r ob  t ) u u I l  l ) u ‘(-pau l to ’ m’ i t )  7 ); , Not i i  g r i t  i com m pu ’og u ’o m ti m e ’h mec k uu t  ceunuti  aimed wi thu t lie
l d o ’ m m t  I t i c n i t  ion :omm d Cc) i’l ’ ( ’(’ t i t ) hu of s o ’ t o ’ n ’ n i l  n i n o v i g n o t  10 mm pt ’og u a n m  em’ r’o rs . ‘I h o - s o ’  o mn’ u n’ a
I n u c ’ l c o o b m  -oh nu u om ’o p u - n’ nu u o ‘e li ot  i ii -, a t i t ) mu out  l I m o -  t o ’ n i t  i c ou l  t o ‘ l oo t ’  i t ~ (‘oiuu 1x ’n s oo t  ion mm md I i uu pm’ opo ’ r

~x ) s i t i o m n u i n m g  of ( h i t ’  u ’ o to o n ’  sp i mu nox -s d im n ’ i n m g  s j m i r m — u j u  o m no l b am i ip i n g .

hi sp ite ’ o il  i, -o u m t ’ o ’ ct in i g r o l l  i( lc n m t i f i e ’ o l  o ’ l’ t’ o u m a  lii ( l i e ’  sod ’tw o o n d - , nun o u ’ i gmoti o o n m  ol n m tm o

t ’ o o n u t i m o o o c ’ t l  t o o  e ’x h m i h i t  1mm i-ge’ e ’ I ’mo u ’ a ol toc ’  to g u i > o b r i f t . It ui -mis a pm c ’ u l mo te ’ ol t h m m o t  t ho e ’ae ’  cb i ’o f t
o ’h ’ h ” o n ’ s n n i g b o ( lo t ’ o h i o ’  to )  no mm ino g n c ’ t i c  a e - n m s i t i v i t y  n t a s o c ’ i no t e ’ob  u i i t hu ( b i t ’  l A t ’  r o o ( n o t i o o n m n o l  o m m o m t o r
no n u b o - lc ’e’tn’ o i nmi  c’s m m m i i i , bo en u cc ’ , I ,  I ‘hI  I~ m ti s imug  f ixe ’ o l .  ~-\ a pe ci oo I te’ at ui - no 5 ~ C’ n ’fou i ’n u me ’ o I tcu (e~ at
t h i s  u u ’ b m o i ( I O o - a i a ,  ‘l ’Ii c ’ m e ’ s o u l ( s  ou t  ( h u l a  ( c - s t  i m m r l i e o o ( t ’ o I  ( hun t th e o m m u ( ’ o o m m m h u e n is oot e ’db h n i f t  i — mote ’
i t n o s  ( A l  - f i x o - o l  r m t o o h  mmu t 0 h m u o t o s i n u g  t ’i x o ’ o l i m u o o g m m t ’ t i e ’  o ’ I ’fe ’ct .  ~- i n c t ’  ( h u t ’  o h i ’ i f t  m’ntte u i n t a  b , \  t
fix ’ o l ron m I nols om ~ i u i u i h o o  m ’ m m  m m o m t m o r e ’  m i mi L u m t h m  gv o ’ ooa , t b o t ’ e o -  t o ’ m n u m s  \i’c’ i ’ c ’ m u o h o h e ’ o h  t o o  ( h u t ’  o ln ’ i t’(
( ‘ o u I i I u I ’ r o  t i o o n m  i u u o m o l t - l  t t ’ hu ic ’hm i - I t o  e ’ t I  u ’el i ’ e ’ l i t u u i n m o t e ’ o I  t I m e ’  I n  m’ g c ’ i m m m e o o n u m j u o ’ n u s o o t t ’ o l  t h r i f t  e ’n’ h ’oma.

A So -t ouf o ’ n t  I i h u r n u t i o u m t t mut no t in s rd - proc -c ’  sse ’oh t t i t h u  s t m f t t t ’ n i  i’e’ o i l o t h n i  k -oh  l ou I u u c budc ’  (li e-
t b u n ’ u ’ t ’  m u o l r h i t i o o n m o l  o ln’ i ft t e ’mn i s  mo ra l  o o u u 1))  l ) o ’ c ’ e ’ mu mh c ’ n ’  1 9 7 m ;  time ’ t’i r s t  s o o o ’ e - o - s s f t m l  m u n m i - i g n u t i o m i
r ono it no s oh otno i n m c ’ o h .  ‘ I ’h i t ’  run o b u r m i ( i t o m m  w oos  :1 1 2 I u n m u i ’ s uv i t l i  ¶ 0 ) O i  h i e r m o l i n u g  e ’h u m o m i g c ’ a  (‘id’t ’\ ’

10 h u m i n m o m l o  - 
~~, I ’ I m i a  tor i  u- run woos muuooobc’ ut - it lu t oom ( tim e’ I,\ I - i’o o t a ti mm mu t’e’ no tum’ o’ . Tim e’ m ’ o ’ s u h t s  ut-el-p

it s fod l o o t i  a :
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h ) o o m ’ n o t i o m n m  I ° o s m t i o u t m  l- , m ’ m ’ um n’ ‘ l ’ i m o m o ’  I~ \ I~— I m o - r  ( ‘ I n u  n u m u o ’ l
i i  Ion ’  \ o ’ b o o ’ot ~ ’ I ’ i’i’i m ! ’ ) f t .’ o ( )

- - 2 0 , 7”- 3. ~~~

0 0  :; 1 2 I , I 7 1, 63

\om t m -~m’motn , t j n m ~ nm no t ig n o t i om ni rhi t’o’ ko o m ( r on uii nm omc - d (hn’oioo g hm 2 0 )  I )e ’rc’nu mbut ’n ’ 1 9 7 0 ;  n u l t b m u o u g hm
t ’ r o l l h o i ’ r o t i o n m  n o u m u b  N n o u  i g n o t i o t t u  ~ o f t u t ’ n o  m r  ( ‘ b i e ’o ’kon ot  t i n i a  r o o t u i p b o ’ ( o ’ d  ton i  19 b ) c - c e m b o o - r  197 6
ti h o - i t  t lm o - t’ lo’ ~ t a n u c ’ o ’ & ’ s s t o o l  m m o m t  i g n t t i o o t m  i’m o ii t i - mi s  n o c h ~~’ue ’d ,

2. ,. P 0 ( n d i h m n o f t ~~~\ c ’ r i t i e ’ n o t i o n j~~~t,1ji ’

,\ l ( I m o o u g bm ( h u l a  t : o a k  i s  i o l e ’ m u t i f i m c l  a i - p n o r m u t c - l v  iou ( hue ’  i t i t e ’ g m n o ( i o o n m  t e a t  1) 10011 , th e- ve ry
t i n >  t oo u ’ o ’ o u t  u t - l imi t  ut - mo s l’c ’q o u i re ol  he ) c ’ o m t m i p l~’te t h i t ’  (‘ r o l l  h u r m o t h u n i  no rid Nn u u i  got ( i c o n  ~ oftu u- r o r r
t ’ h m o ’ e ’ k o u o o l  lii ~’It u o b n ’ o I  l i i i ’  n ’ o ’ o l o o l  i’ m - i n p u t s  of th u s too sk , Th is  t a s k  ui ’r os o ’ s s o ’ i u t i o m l t v  i n i t i n o ( c d  on
2 i k - e - ~- n iLu- i ’  1) 0 7 6  w i t h  ( li t ’  f i n ’ s (  s i t e ’d’ ( ’a s f I l l  l - I b I ~\ c ’ n o b i h m ’ n o t i o n o  mind  t u’ nms c ’ o u n m m p bc ’( c ’ol  on

I I  I u o ’ ( ’ o ’ n m u l o u ’ i ’  19 7 0 ;  t i - I t Im (bi t ’  s o o c ’ c ’ o ’ a a t i o l  g o ’ o m o - r n u t i o m t i  od mt se’t c i t  imus t r i o rnc’ n t  n a y i g o i t i o ) n

j u n o  u ’r o mmi t ’ t c ’  i’ s.

(‘ m m l i l u r m m t i o u u m  \ ‘ e- r ’ i f i c n t t i o u n u  n’ m q t o i r c ’ o h  0 1 )  e’omnu ’ o b ) n t l ’ i sounm o i f  im ms t r c o iime ’t i t  I e v o ’ l  c n o h i h m ’ m o t i o t i
In t r o  u v i t i i  0 0 1 0 0 1  v n ob e ’ nu (  o b n o t n i  n t  t Ime ’  ay ste ’ iu m Ic -v t ’ !, 0 2  r o o n u u p u t i n g  tIme’  c ’ m m l i b u r n t i t u n  r c ’ s i d i om o l s

b y  - o u m m m p e ’ n u s m m t i t m g  ( h i t ’  e ’ n o l i i u r r o t i o m m  ( I n o t n o  u t - i t i m the ’ r n i t i h m m o t u o n u  coe -tf i c ’ ic’ni ta , m o n i o l  O 3 o  t’ e ’n ’ i t ’y i t m g
i n u s t r o o n u i o ’ n m t  nuou i i  g n o t i i o h i  b ) 1,00 omit-k ’  1’ sco t l i t - m g  m m  ( hue ’  n i m u u ’ i  g a t iounu  sof t u t -m e me ’

[ nus t rumm u e’nmt  pro m o  n mc ’te ’ m’ e ’ou n u i pmo I ’ iaomml  mon u d  t ’ m t t l h u n ’ m o t h m m u  r e ’ a i o b i o m m l  c ’ o u u u m p t u t r u t i o u n  were ’ ( ui - mo
u i t n t l  tools cisc-c l  tnu c ’t ’ tc ’e ’t (‘ m o l i b r ’ m o t i o u n m  Sooi ’t t t ’mt m’ e’ (‘ hu i , - c k m t u t .  t, m u t i l  t Im e ’ sv sb,e- m l e t e l  c’mo li —
h m m ’ m u t i u nu n’ o ’ ~~u l t a  n o g u ’ c ’ o ’ o I o ’I t ) s i - l v  u’,- i t h u  t l m o o a e ’  m I m t m o i m m e ’ o h  ru t  t ime ’  i m u a t m u u m i c ’ n t  In t’ l , co ne ’ i ’ u u t i b o l  no ut
but ’  o o s a m o n ’ c - t l  t h m m o t  ( hue-  a u ’ a ( o ’ m m m  le ’u ’e ’l c - m u h i h i ’ m o t i o o u m  so t t t t ’moi ’ e- u t’mta ini o le ’ i ’o l  pe’ i ’ f o o n ’ i m m i m m g  n t a  i’t - q i o in ’ c ’ I .

I ‘no n’ro noe -ti ’ u’ a e’no Ii mug tints t’o,’rifi o - o l hi’ ( ho ’  stne ’ ce’sa h u b  g d- t o t ’ n ’ n m ( i i u u m  o o f  no a c t  ou t  i n u a t r u t m m -nt
nm o u’i g not Icon pa rot mu i c ’t e i’s. ‘I ’ hu l a  enu ld  t i cot  h i n t  ye’ hue ’c ’n  mm e c i o t i mp l I SI m i ’( l  i t  ( h oc ’  l imo i - mm n uu e ’te ’  m’s
o’xo ’ c’o-olc’oI b un’ o-o b e ’t (’u ’h m ii mm e ’oh limi ts.

2. ~~. 
2 ) )  t n i t i m n l i , n o t i u o m m , A h i g n m n o o o - m u t , n t u m o i t l l r~( i o t m V r r i 1’k ’n i t i c in

‘ I b i s  t a s k  ut - mi s  i n , t i n i t r d  tin 21 I ) o ’ cc ’r u u b m r n ’  197 ’; , l ) on i ’ i n i ~ (h ue ang lo ’ c : i b i h m ’ a ( i o u n s  p 0-0 ’ —
lu  rnu o ’d h~n ’io u- t o ( h o  - oi l ign u im i o-nt  m m md runt  u - i g o u t  ionu I (‘at i mug,  i t  ut -m i s mu ol o ’d h umot  (h m’ o -p e a t mo h i l  il~’
of so ’h ’r to ’d n o n g l i ’  pan - no t i m - t m ’  h ’S Oii gu i’eu No . 2 wi ’i ’ O ’ l,xoi’ , l i i  u- Limo- t’ , i t  :ipp eam’ ed t l m m o t  each
b u n t  u ’a iuu ‘ - to t- 1m m quest iou t o  ogg bo -o l  iu o ’tw r o ’uu l it - cm d i s t  iru et  u n m h t m o ’ s ,  N o unu e muons n unug ’ic ’  (‘a I jI  u ’at i on-ms
m o o ’  n ’ oo ss t eo wu ’ i ’  e t c - I i ’ s  W( ’i’ o ’ I o ( - n ’ i c u m ’ n u o dl iii ‘ ni  o 0 ( ( e i u u l u t  ((‘0 i s o u l a t e  (lie p m’ o b do ’iu u ,  l ) io i ’ i n u g  t hu o ’ s e
o’noh ihm n ’m o ti oomu s , h m vh u’i o la om u m SI-: I - N o m . 2 h m m o u a t  likel y t o o  p r o m o l o o c i ’  t ime’  b )hu c’h uom im i om hue ’h i t\c ’h’ i ’
I n t o -  o ’ o - b o ; o  r O L o ’ d .  Im u r oll eniso’s (lie’ b ourn tint -Ic r i n u stnm l o i b j tv i’c’tuun o in med , ‘l’he c’omm ui ’l m i s i o u mu ti’OOS

t h i m o t  t ime-  I u r m o b ) b o - m - m m  ii no s n o s a t m c ’ i n o t e ’ m b  w i t h  (hoe ’ gy ro  N o ) . 2 (‘  m n m’ gc ’ A u u m p t i l ’ic ’ u’ , S lu ice ’  i t  tu n is
o h r e m u u ’ o h  t h i n u t  the ’  p n u m n u n i u c ’ t c ’ n ’  i n o a t m o h i  l i L t ’  t i -nt a ri o o t t u t u  lot  o’ g o - ( c m ) o - o o p n t  r ol i  / t ’  th e ’ a mo u - ig n o i i r on m

‘ n - t o o  r hu u o m net’ , l iii s (no sL wmm s i’e’aun mme o I oon 23 I )c’c’e’ t u be’ 1’ 1 ) 0 7 0 ; . ‘I l i t ’  sv ste ium ut - mo a c ’n u I i  hI’ou te ’( I
mind , I t o h’ po ’ r f o u r r u m i n u g  (utoo sluoort tuo muu — m’omtnu te’ d i m m o v i g n o t i t m  i ’ o n m m a , (hue’ t ’ in ’ at t’m u t nmte’o l t ’in iu ’igomti tn u
m mm i ti n t s  mot to ’  t u u p t c - o h  ton 27 I ~‘e’e’ mIx’ r I 97) ; . St-u -c’ n mm I o u t  igni  n u o e n m t s  fo ul  b ouu vc cb  by short  limo Vi —
g m o t i o m n u  n ina iii’ n e  pe r’ fo m i ’ n ioo ’ oh  n u t  h u e - n o t h i n g s  od ’ i i u m ( I i  0 )  o l e -g ro ’o ’s  n i n u o l  9( 1 drit , re ’ca .  It i- mo s neute ’d

t h o n m t  l u r i n g  m u l l  ( h i t ’  n i l i g m o m n o c r u t s  norm o i s c ’ i l l n i t i c u n  w i t h  n o p t ’r io xl  ou t ’ r mppi ’ u x i n i a ( e ’b v  t w o  n m l n u o t e ’ a
t i n o s  nio l o ’ oh mm m i  t Im e o ’st i  m i m o o ( o s o m f  o b u ’ i t t  m’ n o i o ’ s ,  ‘ t ’ I m i s  i s  n o b s c u  t ime ’ ime n ’ i o o o h  ot ( bu t -  h A t ’  ro ta t ion .
1 mm n o o h o b i t i o t u , n u l l  c ’” mr e ’ l ut  o u m u ’  o u l  ( 1mm ’ t o n i  u i g m o t i o o m m  n _ m i n u s  l ’o u l b o m u u ’ i u i g  (lit ’ n u b  i g m m t u u c ’ i m t s  uve t’c- mobcurte ’d



t i  t i  0 - i o t a  i t i t  0 0 ’ ’, o I ~ b m n i 0 0 0 ’ t o o  ( I io  nm o o n ’ in mo I 0 i v o u  c o o t ’ l o ’ t ’ n i o l  o m n o t  n o o t i  o l i n ’  t o o  r m u m m m p o o t i ’ i ’  0, 0 ’  ~~o ‘I s

i - I  ti ’ ‘i ’ o i ,~~t ’ 0 0 0  5 0 0 ’, >  to i l I i  - a. I t o  n o  l o o i o ~~~t r o l l  (‘no ~~° 
- - ( l i t ’  tint \ 0 g e l  1 1 0 0 0 0  5’ i ’ t o o m ’ i m m n t  f l o e  ut ’oo ih (I

t o u t ’  h oo , nm u’ - ’l h ~~ i t i o l o m  t 0 o -  n ’ o ’ O l t u i o ’ ’ o h  l o ’ t o ’ t o - o  l b t b o o ’  n ’ oo nm i n t l ( ‘ c o t m t l n i t o t - o I  b o o’ b l o c ’  rm o i’nu o m i h (ut-tm

l o i n

m m  ~-p i  t o ’ b I lie ’ t c e o  0 0 , 0  t o o l  o m n o  u - i g n t t  l u m n u  m ’ o u t m a  , t h i s  t o ’  at  10 m g oI l  oh s b m t m w ’  I t r o t  t i m e - r e  it no a
i n  ( t i m ’ ‘i i ’ t out  ‘ - I t o - - I  l i m o ’ t o o  m o l i  gn u t o g  n o b  o l t  I t c ’ n ’ o ’  t o t  b o o - t in  t o g a ,  \ l a o , an  t i re ’  mmmo st o mt (lie’ nm mm ii —

t i lo n’ n o n ~ u i o ’ t t  pc ’ i b o m ’ n o o o ’ h n o c ’ h ’ ooo , a s l i o o l o l o m i i t m a , a u ~~ t o - o i o  l t u l t j n t l i / , o b 0 0 0 0 0  t u n a  t o ’ i ’ H n o ’ o l
w h o  -n ’  - t c ’i ’  t h i t -  ~v a t o -  i i  it no a p o m u t o ’  n e i l  t o j o . l i m o  a ( r i s k  i t ’mo a m ’ a s o ’ n m t i n o  l i v  r o o n o o j o l o ’ t c ’ o i  0th

t i )  t o o ’ , ’ m i tbo e ’ n’ 1 °  
-
~

l ’° o o -  ‘ oo m u m j u o m t m ’ n ’  m c ’ a o ’ t a  n o t m o l  c m i ’  a o ’ n ’ n t n m o h o l e ’ s  c ’ n m n c t o u n u ( c n’ c ’ o l  o l o o n ’ n n g  t h is P - a ( i n i g ui - e n _ c ’
n t t t i ’ i b o o o t c ’ o i  t o o  n m o o i s o ’  p o o l a o ’ a  g , ’o oo ’z ’ obo’ b by th e ’  l, - \ I ’  o ’ o o t n o t i o o n i  o u o o o t o ) i ’  pow - c-n’  s t i j u p hu ’ n o n o l

a ri g n m u o u o l o m  I c’ . , \ l l  o lou t i  m g l i i i  a (e~ s( u tig ~t o ‘pa i t o  - t o ’  ( n o  ken  t o o  e l i  m m m i  t m m o t c ’  t h u  t O o )  i s o ’  sot u r r e ’
i i i ’  n o t  b o a t  I -  -‘o -n ~~i t i / i ’  t h o ’  a i ’ a t i ’ m u m  t o o  ( l ie ’  h i o n a l ’ . I tm 3 ) 0 I ) c ’ n c ’ n i o h o e ’ m  1) 176 , (ito s m o o ’ c ’ c ’ a a t u l
t int  vi  g no i i  t Im o ’ u toa  i t o ’  mc ’ o u l u t n o  I t i e - i l  t i l t  it no re-ac ’  t a. It m m ~up~’~ o s  ) b oot 1mm o n ’ , o I  lo ’n i u0, n o s  soul  vo ’d ,

‘h ’ imc ’ oh m i t t  ‘5) l r t m - i t  o ’ oo ~ o -i I l n it loom mu o uto al dii m ’inug t h e  aligmum o’n t s ut’nos iuu inimumizo a l l iv
ium o’o n ’~x oh’mo (io m g ( h o ’ t i t ( ’  a t e a o ’  ali g munuu o -nm ( filto’n ’ m m  time mma t ’ig :otie )mu j u n ’ ogi’ani . ‘ l i m o -  e ) i ’ i g i n n t h
r o l i g n m t m i o ’ n i b  f i l ( o ’ i ’  b m n o o b  du o ’ s t r o b o ’ s , n m n o m u u o ’ I v  o l i ’ i f t  n ’ a t c ’ , v e l o c i t y , anu d t i l t . ‘l i - ic ’ (ui ’o a c l d i l i o n o o l
s t n o l o - s  a n t ’  u s -cl ( C u o - s t i n m u n o t t  I- , h I \ n ou mo l  g u t o  a n g lo ’  n’c ’o ud oul  c i e ’ I i c ’  o ’t i o ’c’Is  (l ine t o )  ( i m ( -  lA t ’
o’ o ) : o t i o u u , It  5110 ) 101 ( 1 b o o ’  u u e t o a b  t i ’o : o t  t h u c ’  l i t - i ’ s t m u t e  f i t )  o - n ’  t i n t s  ~u l u i n t t  5 j ) t f lm - i f lo ’ ( b  t om’  lo st ’  uu’i th ( im o -
m ’ o c l : o ) i n g  s’ a ) i ’ o m m . I h co u c ’o ’ t o ’ m , t i m ’ ’  ( l i i i ’  s t m u l o  f i l l e t ’  ~N~~7~\ d o ’ s i gmi t t i n t s  c o m ’ i g i n n o l l v  iu sc ’o I  Comm
t h i m ’  F’ Phi  l o o n ’  c’ oo r n ’o j o n o u ’ i m m ~,o l - 1 ’ h I  b e - a t  d o u t a  ui’ i i lu  N~o 7 -\ t o ’ s t  o l a to o  oumud b o o  p m ’o ’ ’Iu d o ’  t h u r  m t  moo—
c l o u t - )  bo o t - i  , o t  a o l d i t i e u n i n i l  u - mi i ’ i n o l o h o ’ s  o h ’  t ’I mg l I m o ’  i - n o  m ’ l \ hut ( -go ’a t i o im at n o g o ’ s .

2 . ‘ . 2 1  h l o o i t i - l I ’ m m o h i n g  N n o t  i g : o t  b o o n  ! c - n ~t i m m g

( I n  22 I )  ‘ - - o o o h o o - t ’  1976 n m o t o l t i — l o c ’ m o o t i n ’ ig n m o t ’ i g r o t i o o n u  t o - s t i n g -  t u n i s  i n i l i o m ( c ’ o l .  l I me ’ p 1 m m
it n o ”  t o o  I o o ’ n ’ t o o o j o I  t l m t ’ n ’ - t  t o ’ a t s c ’o i n r u n ’ i’e n t It’ w i t  Ii ( b o o -  t c ’ a t a u’ o ’qu i t ’ e ’ oI t o o  m omn cm n op li shm (hue-

- t i i n’ - m m o - o o l ’—~ o m u t l i n o - i  iou  t imo ’  p n ’ e ’ u o o o u a  t t u o c  a i ’ o ’ t i o o o i — ~. l l m o ’ u o ’ v o - n ’ , m m o o u s t  o o t  t i m e  n o o i ’ i g : o b i o t h u
m’ oo nm s w o n ’ - l o c H - , o-i ’ i co ot lv ouh o oo m ’to ’ h pm - l o i n’ to  t u t o o  h o u r s , A l ( t ’i ’  o b o ’ s c ’ m m a i t i r ’ i n g  t h i n  s\’at e ’n m t o m
l i m o -  n u o l ’ — o -  I t O o h t l c ’ o ’ o l  io ~’ t h o ’  i , -~ U h ’ o o t n o t  i o u n  su ’ st e - u o o , l u m o i ’ i g n o t i o u m  n -tin - m a iv 0 - n o -  n i t ’  c ’ o o m m p l i s h o ’ I  o o n

t o o  U ‘ o ’ o ’ t t b 0 ’  t ’ I 0 0 ,

I ) o u t ’ i m m g  mu I i n o \ g r i t  loon - i  n—u n ‘ oo 2 - t o o n o u ’ o  ri 1977 , ~ u’ o’o i No , , 2° c ’x b o e r i o ’ n i o ’ c ’ o l  ou h u i g h - - a po ’c ’ o I
i o u - t o - h o t  o l m m o o o m o g i r o g  t i m o ’  m ist t ’ u t o o o ’ t i b  — A l l  ‘ h i o u g n o o a b i o ’  ic — t a pc - m’t o ur’nm i c ’ o l nit t i m > ’ ( m i l e ’

i n ’  II  e m i t  i - I  t hi m t o  0 , 0 ’  m l m ’cm p it m i s  d uo -  t o o  no l o o m  I t t ’  ( ‘h monge - A tui h mh i ti c m ’ . ‘h u e’ gvi’ c o n o m i o l  ( ‘ l imo  i’gc’
,-\m j u l i f i er  it i-re rep houc e o t  m in d I lie av at i-nt ui -no a n’ecalib rated . ‘I ’lic’ n u a u - i g m m t  b u m  u - l ooms , st n o r’ ti r’~

i t b  O h i o -  0 f i g  } o o ’ , o o l j o m g  m ’ o u n m , ti’ o ’ i ’ e t’ o ’ s t m n u m e - m l  ( in 6 • I n u n u t m m m n ’ i ’  1977 . ,- \ I o o u u t  t o n e ’  h u c o o t o’ i n u t o o  t h i s
o’ —l n n m t m g : o t t m u n  u ’ o u r m , ( k m ’  \ o o , 2 m o g o u i n  a o m t t o ’ i ’ e ’o l mu bu ig ’Ii ’— spo- e -o l  cb m ’ op.

I bol  n- i’ m m t o h -  o h  h’ m m b t b o n u ch m i l l  ( h o ’  r h i n o  m’ :uo ’ I  o ’ n ’ i  n—I i c ’ s  o c t  t l i t ’  h ui ’ c ’ t i  0 ou s oh u ’ o c ~m , _ -
~~ t i m ( m m ’ uii g i i

I’m - t o o  - i i  ‘ o t  0 lo u ’  t o  ‘ n— I ~ - o 1 u o - o i o m - s i u omu i ’ c ’ o h  I i m n u l  I h o ’  00 ) 00  i i i ’  o h i h  t o ’  t ’ o ’ o u o ’ o ’  h o o t it t o - h i  ai’ ’nt ( ‘ m o m o ojoo - r a t  b u n
d u r i n g  ( b u t ’  tm:m i i  g r o t  I (tm -i norma r o ru ch mull otht ’ m’ testing smoc’ h mis ( ‘01 l i i i  u’ mot i onm , c, t c’ , t unis (hummt (hue ’
l A b ’  i c - u s  h’ io ~r o t  m u g  m m lv  o h o u n ’ i n g  m m n o u ’ i g n o t i o o n .  \ \ ‘ i t i m  th u s in m o m i t m o l , I l imit  t o om u c’ t  h otu  i u m e ’ l u o l i n g

O hio ’  (ii 1st t ’ m u p s o i l u -  m ’ i n ’ o - o o b t n - ~ wr r o ’  I I o o o n ’ o o o i g h u l u ’  m ’ t m m l i u o o t o - t h .  II i t : u ’~ t o o n n u o l  t im not  t ame ’ 0 t ime’
c i t’ o ’ o o i b  o - n o n ’ n’u ’ inu g mm s i g m u m o l  t o m  (k’r o Nco . 2 ui ’m o a i u i ( o ’ i ’ m m o i ( b c ’ n u t  o u t  no pa ul i c ’m il ou n ’ j0 00 s i t ionu o o f
( ho ’  I t t - i — i  i - n i  ~5U he.  A l l  l i m o ’  t ) t  lien’ o ’ i i ’ ( ’ i i i  (5 ( ii i’to c i g i m l imo ’ t w i s t  c o n  ius u I t-  i t o -  u ’ o - c iii ‘ c ’ l ~o ’ oh mm u uo l
l i i i  o o t l o o ’ n ’  I ) i’ Oh o l o ’ f l i s  ii o - n ’ o -  i o l o ’ n t i t j m o h . .\ s p m ) r m -  (‘i i- c-tilt tints o o n — o ’ o i  t o o  m’ e ’ h i h n i c ’ o ’  ( bu t ’  I’o o u l l v
H n o  - o m i t  : o n o b  o - om t ’ o’ o - o - t  st at c ’ o o t  o m l u e ’ m ’ mut  I c o n  u i - m i s  i t ’  u’i b i t ’ ’ 1 .

, \ n c o t h m m - r  g u - n ’ m i  u u : o s  ln ’-i n m h i u ’ o t  in  ( h o c ’  N o , . 2 I o o s i l i o n m  ommi  tO - l o u n u u n u m ’ t -  1) 0 7 7  m u n o l  a u - a l t - I t t
t o m  I i h o u ’ n ol  1 00 0 0 i o u ’ g : o l m . It i s  I t - I t  t hm a( t luis twist roup so ,iho- it -m is m u  r ic O  (hue’ c:uuso ’ oil ’ i o oi( hm n’om tom i’
o hr ’ o o h u ” . ,- \ I t o ’ u ’  ( ‘ m m m o o l ) I t ’ t j u o n )  o c b  ° e m m m ‘ m m h i i u n ’ n o t i m n i , n m m u ’ i g m i t i c m n  ( ea t  i m i g  u u n o s  m’ o ’su n m o e ’ c i .
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SECTION I I I

TASK 2, TEST AND EVALUATION

:0 , 1  I \ ~ .h 2 . 1 , ‘ I F ~~ l l ’ l \ N S

I l o i n —  t a s k  m i t - b o m b -oh  l i m e  o l t ’ t o ’ I o o i o n i o o - u u t o u t  b c ’ t ’n l p l n o u m a  lo i n ’  i n t o ’ g n ’ n o l i i u g  b h t -  I- I ’ ,\I m u o m o l
m n ’  t o - s t  i ng  t im e  l’’ l ’ h l  in l I m o -  l m u l o o u m ’ n m b o u n ’ v .  h o - a t  I ) l n t u u a it’ c- u’ o -  n u b a o o  o h o ’ u ’ o ’ I o o p o ’ i i  t o t ’  a i ’ ( ’ O ) n i o l —

~ o u o n i ’ e ’ o-  o ’ o u t o o i ’  mon ol e ’ m o v i t y  t o - s t  a , t o u t ’  o u o c n m — o h o - s t n ’ m o c ’ t i i u l o -  u ’ o u b t o u ’  m m u u o l  c ’av i t ~’ I c - a l a , hI I’
0 0 0 0  b i o n i c - I  t o o n i n u l  t o  ~ t n - nmnmc l noo’ c’ o ’ b o ’ i’ oni’i o- I o-n ’ l )o -i ’hu u’omi n un lc e ’ nun ol o ’nv ii ’ oo n mumo- nut oul to-st a. ‘l im o-
tn i s j - , t o o  oho-\o - I o u b u b t ’~~I p b o u n i a t o o u ’  t o - a t l o i g  l I m o ’  I - PhI  m u  l i m o -  u ’ mi o u  o u n o l  n o t  I , \ X  l u o u s  d c - b - t o o l  I r c m m
o h u t -  c’ o u n m t i n l e t  l oo m’ b l o b

‘l ho ’  I o c l l o o u o ’ i n u g  t o - a t  p bnunu a i t o - m o ’  ( ‘ o u n u m l ) l c ’ l o - o l nund  su l in i  i l l  c - t b  in ,-\ I u i ’ i l  i I o 7 o ;  m u ~ ( ‘ D I I I ,
Ito -I ll _ \  0 o o O l  O n

I . hi 1( 110 ON F I°hI h nut e ’ g n ’ mot loin ‘ lo st Ploun (C7o;— ~0 iS 2 0 ) 1 )

2. hi l - t ~~ ‘ l o ’ a b  P lo t ro  C 7 0 0 — 2 7 : t  2 1) 1 )

; ,\77To,t, , -\~’c’ o , 1o ,n’ ooniu ot c , t’ ‘ I t - a l  P l n u n m  ( ‘ 7 o ; — 5 o ; u ;  2 0 ) 1 )

‘l Ime-  hI l ( ’ l l (  )N I’ b ’ b b  l n t o ’ g i ’ n u t b o i n u  ‘ 1 , - a t  P l o u n  o l c ’ fbn e ’ d  ( l ie-  ( c - s O s  i’c ’ c l t n l i ’ c ’o l too  iu utc’ gm nute’
l i m o -  n i o o u o l t o l o - a  a c u b o o m a s o ’ o m t b o l i o - s  of t I m e -  h N t  mo ,nicl  t o o  i u u t o - g r o o t e -  I h i c -  t N t ’ , IN  111 ’ , Ut , ( ‘ N I ’ , Otfl ( l
~

‘I 
~~~. ‘l’ hoc ot’oho’n’l ~’ t i n ’ o n z u - r  l~n’ ~n lo ’go’:t b i o ’m o - a l n t l ,’I isho ’d in t h u  t o - a l  pl an u ’.- : n a  b o o s t - o h  lup on

l I m o ’  fcun o,’ t h oonm a n unuo l ~o n o o ’ t i t h m o n i m i g  w i t h in  l i m o ’  I N t ’ . ‘l ime-  I N t  i m u ( c ’ g i ’ o m l i c u n u  t o - s t  a t i c - f i n e - o h  in  lIm e -
c -~~l l u ln o n u  w o n ’ t -  o s  t o o h l o o u i ’ s :

S c o l o o m a a o ’ n u i l u l v  ~ u b u a t ’ a t c - u u u  l i - i t o - g r o u t  l oon  ‘I t - a l a

2. ~ V stu’uui ~ o o t t t t m o o ’ t ’  oun e l  (‘m i l i b i u ’ : o t i o n u  \ ‘ e ’ i ’ i f i e ’ o o t b o u n  ‘ I c - a l a

a . N n o vi g m o t bo on l’ o’m ’buu u’ uuun ou i c r ‘1 o a t s

- I .  I- xt o ’n’ nom l I n t o ’ t ’ I o t e ’ o ’  \‘o - i’ifie’mu l i oru ‘h a t s

5. l l o ’ I i n m h o i h i t v  Se ’u’ o ’ e ’ mm ‘l ’ t - a t ~

b o o -  b I I’’S( ‘ l u - a t  I o I n o n  o b o - l i  mi t -o h t h o u -  p t ’ o- f t u n m ( ’ I b o f l m t l  b o a t s  I c o  h ue- p o- i ’ boi u’u m m o-ol on mill
hI i- S( ; u n i t s  b ’n o l u n ’ i e ’ t o t  u - u I  o b m n n ’ i n g  ( h o ’  h > i i m u s o ’  2 11 c -o u u ul n ’ n o c ’ t .  ‘l I m b s  doo, ’o, o u u u t - u u (  o u b a o u  ou o , u t l i t i e ’ o i
t h o u -  t o - s t  t o o  h i m -  ( ‘ o o n o l t l e ’ t ( - o h  tu tu  s t - c ’ o o u u o l — s o u o o u ’ o ’ o ’  ou ruch  m u o n — t b -a t  m ’ u o - t i l u l e  u’ o u l o o i ’  m d l c o u v i t v  s o - t a ,

‘b loc \ 7 T T i l  A o’o ’o -Ii’t ’oni i e- t o-i’ ‘ I c - ~~t P l n u n  o hc ’ i ’ io u o ’ o l  t h o ’  t o - a l a  tcu  l i t’ p o - u ’ I o o u ’ m e ’ d  un t h e ’
-\77hb m o o ’o’ o-l t ’t ’ou uu o- t ei’ s f :oitn ’ ic’m i t o- o i olum’i ng t im o- Phase- 211 coont n’nu e’l . ‘l ime’ it -a la tIc-f in o ’d
in t l t o -  t m - s t  t u l n o n u  ii o ’ n ’ u ’  Ohi o- functional b a t , l oo -u ’ I o ) i ’ ru i mt f l ( ’ c’ t o ’~ t , m m n o b  o ’nv i  m o n u u m o - n t m u l  t o - s t .

A t o - s i  p b m u n  boo r  I’ Phi i aboo ’n m t o u ’v  t o - s l i n g -  v,’ :m s  pr o ’pm h n e - o b . ‘I b i s  t o - s b  p i mou m

~( ‘ 7 o — h - S 7 ~ 21 ) 1)  ( ‘o ) ns i s t o ’o l  of l o m u t ’  pa r t s  m u t u o b  i nc lud ed  p lan s  Io i -  (hue- I ’ollo ut - i nu g t e a t s :

I , S l m i h o i l i t y ,  h e n o o b b n g  a o ’ n u a i l i u ’ i b v , nm n o b  t i l t  s t ’ m i a l t n v i t v  t o - s t i n g
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2. t ’ t  ‘ ‘ c o n — b y - o n m o I m ’ o i t i  - t o  - s 1 0 0 m ’g

o n , F t  s t  t o - mo o t iooum , lu o o l munm o I c - c o b o l  — ‘ : 0 k  t o - s t  t o m g

V II o i ’ O t  0 1  onu no m u I a h m o  c L b c - a l l  m ig

\ o i o : c t t  t ’ o o I o V  (Of b ’ n o u ’ t  I S l ; o b o i h i i v ,  b m m ’ m m t l h o m g  s t ’ u i a i l i v i t  , : o n o l t i l l  a o ’ n u s o t i v o t  t o - n - — l o n m g o
‘St i s  1 uo ’ it u’lolo’oI t o o  ,\ 1  \ I i m u l ) o c’ o ’ t o i t o u ’ u’ I I O 7 m ; . ‘ I ’ I o e -  l i u m n u l  v c ’ t ’ s i ’ u n u  ‘ o h  l ° ou n ’ t I ‘, : on - ~ amohooomo tt o’o h

mci Fo ’ h i o ’ o : o u ’ i ’  P077 u s  ( ‘ D U b ,  I t o - n m  , ‘( o ) O ) I ) , D o - m u l l  c ’ t u p h o - a  o o b  l ’ o u o ’ t a  2 , ; 0 , o u n m o l  -b ti 0 - 0 0

~, m ’ o o t  ib m 1 O o u  \ l ” , \ I ,  1mm l- ’ o - h o n ’ m o : u o ’ v  P077. ‘l I m o ’  t i t u n o l  i’o - i ’ s b o o n u s c u b  l ’ o u u ’ t a 2 , 0 ’ , m u d  I w o ’ n ’ o-

nm I i i mmm l t i i oo ’ n o t  e ’oo iu l o’no c’ t c’ ooOm i I o h O ’l b o om out u ch o’ oot u o ’ n m’ o 1 t tm -n mt l v it- c-  m o  - um oit I o mn’n u nol lv  a u u h t t i u  i t t  c -oh  ooa
- 1 ) 111 - m o  ‘ m u  l o o m s  —

: 0 . 2 l ’\ ~~K 2 . 2 , 1 ) 1 -  V I -  l , 0 0 l ’ \ i I ” N ’ l , \ I ,  ‘I I’ *1

b ’ht ’  h i u n ’ h m o o s o - ~° I I b i s  t n o n - f~ o u n o s  t o o  t o - s I  m ’ o u t o o o’ n- o o o u o h  c ’ m u u ’ b b b o ’a I n o i u i ’ b t ’ n o t o ’ o b  buu ’  t i m e ’  a o - o ’ t o n o l
i ’ , ’ , . l i m o ’  t n o n - f~ t o o  o - ’ o m t t i uc ’ t  n u o o u u — o l o ’ s t  n ’ t u o ’ l i i u l o ’  n ’ o t lo r  n o u m o l  o ’m ot’ itv l i - a l a  w o o s  ole I o ’ t o ’ o h  f o ’ o i nmm

t h io’ c’ tu mi t m ’ n i 0 ’ ) It o - n ’ I ~o ‘ I  - 0

:: . a.  I “ o - c ’ o o u m o h  0—’ o o t O u ’ o ’ o  t~~o o l o i n ’  : o n m o l  ( ‘ o o t i t v  ‘ I t - a t a

Ant 00000-0 1 0 - - — t o  - - ~po nm — I I  m i l l  V t u m m o i c ’  0 ’ I l o l a  t o o  a -n , t u ’ i t h i  o’ o ’ s p c - c ’ t  t o Se ’c o unob Soutt m a o - ,
b t m t - b m , u o h o ’ o l  o - o o t o p 000 ut ’tmt l o s t i n i g  o c l  t o m o o m ’  0 - 0 0 0 , 0 0 ’ s o o t u o h  r a \  i t t ’  se’t s m u n u o l  t o - s t i n g  o o l  ( t u t u  bI h ’~— 0t
m ist  n’o n r i o t - n o t  n- u ’  o tmt  n o  i no b  t o g  ~~o - 0 - 0 0 0 ) 0 1  ~~o ‘ t O  0 ’ ‘ o - m m d l ’ ’  n ’ n- no n i l  o’ouv it lu -a .

I lie ’ m o on s  [mu I n t l  o le ’  - l a t - , o ’t ’ t - r ceo ’iv coh fr onuu Nor t h rop for e vm ml umut  ion. All
t o u u i l s  i t o - n o -  o - ’~ - o l u n o t o - o l  t o o l  u ’ t ’p o o ol s ao,ub m m m m i t ( e ’ c h  l o t  ,-\ h - ,\ I , \ V I u A I, ’ l t  h i - i c- b I m o a l c ’ m  I’ o m o ~ s
l i ’ — t t - o l  h o c ’  b utt ‘n’ o ‘ n o  - t i  no lumu I - o h  n u t  ,- \ t o t  000m o ’ t ic ’s 00 tuo I ( im c ’ um n’e-t to i’ um c ’ oI l o u  N oi u~( Ii n’cup.

‘I ’ , \ I o ~l l :  - la . N (  o h r l ’ I I I I O I ’  l ’r l - :hIS l1 l : ( ’ l - : l \ ’ l : l )  11111 l - V . - \ i , t ’A ’l’ l ( ) N

Cav i t i e s  Sct~ Rotor s 
F

M m o s t c r c n m v i t y  

f 
M as te r  Rotor

1N 0 0 0 0 u 7  N ,\ i i  I l — I  No t . 2
N 0 0 0 0 0 0 —  - N ,\  l o ;  11-2 N o o . 7
N t 0 0 0 0 0 I o  N A I I N o ’ . 7 I

N 0 0 0 1 I o o  N:~ 22 l I e d )

l i t o o  ~o - t s  o o i u ’ 0 0 0 0 ) u ’ s  m o n o l  c ’ : m v i t  i t - m n  t vu , ’u’ e- i c-c’c ’ ivo ’ c I  mi t  :~u l on c ’t i cs , : \ n n o l u c - i u u i  in
l m o m u t u n m  n t ’  I 0 7 ’ ;  m o b  I i i  ci  s o - O s  tu o ’ O ’ c -  i’c’ ct ’b t ’ t ’ o h  in l” t ’h r u n m o ’ v  I )70 . A l l  p m u m ’ t a tu e -re ’  coumponent

t ’ vo ~l t m ’ o t u - u b  11 0 0 0 0 1 ’  t o o  so l o - e l b o m g  t h 0 -  I t o - s b  I t t ’ ’  n o a a o ’ t  s t - I s  too bmui l oh i u mlci lime- f i nuo ml gu ’n’ ou coonfig—
u r m u t l o o n .  A l l  I o t n ’ t~ to, o ’ t ’ o - ’ g o o o t m l  b o o m ’  i n s t  n ’ u o u u m c ’ n t  t o s o -  iti )h o’o’gmu n’ob to a l -ic’, rounuduu -ss,
s u r l n u c o ’  I i n i a i o , n o u m o l go ’ n m o - u ’ n u b  i n t o ’ g o ’ i t v .  ‘l I m o -  l o u s b  a t - t a  of c ’ o u v i t v  l oom o ’I a N ) ) ) ) I 0 0 0  au t h
N u O o h  o u ~ o u n o b  m ’ o , t o o u ’ s  N - \  I I  a t id N , \ 2 2 )  it o -ia- sc-ic-c - to-oh boom’ o ma st ’ u uu huly m u m  l i m o -  ~,yo’u’o c eun f i g—
u r m u l i o u n  h o t  - c m u t n a o -  l h u o ’ v  h o o c h  n o a t o n o m t ’ i t - h m o o t  b o o - i t o - i ’  a u o ’ f t u c o , ’ f i n i s h  U um u rm I l i c -  t i t h e - i ’  s o - t a .

hi I’ b ru i t N 400) )tt N A I l  munc h hI I-~ ’ [‘ n u t  N ) ) 0 1 ) )  1N , -~ 22 e ’oo uup lc ’I t ~ b O i a S c ’ m m O h ) l V  in
:\1in ’ i b 1 0 7 ° -  m u i m m l  a ooeo ’c -o - - s b t o I l ~ ’ p m u s a o - o I  p! :‘unc t i o i n a l Ic-si ing, bmt km ,’ t out , anti coo lo b soim mk .
N o t  pi ’o o h t b m ’ u u m a  o u l  o n y  I~ in cI ut - u - n o ’  e’nc o t u n t c ’ o ’ 0 -cb .  l l o i i t ’ o’v - o’ , f eun c,’t i o i n m u i  t o - s t  o i f t ime ’  u n i t s
cm - b o ’ S t  ~ t m o t i i o u m  IV  n ’ , ’ v o - n o l c ’ m l  s000mo ’  d i sc  o’ o -pnu n n’ i o ’a iou t I n -  ei ( -s i n ’ ( ’oI i’ouboo ’ pmu ’aumme’tt-i’ s.
‘I o o h b o -  I I a n o o i u n i u o o  r i / i - s  l i m o ’  i n i t i m u l  ru i o ’ m os u m ’ c ’nm e ’u i t s  of j u mm r m i u u m t - t  e ’n ’a.
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2. st - ’ ‘ o n - h o t ’  0000 I n i b ’ t o - a l l  tug

o n . F - 0~~ ¶ m’ o ’ m oc’  t o o  c l i , m o o t  m ouu o  I u c o l o l  so i n o k  I c - S t  0i ~~

I. \‘ ib o n’ m ot i m o ri no u mol al m u o o ’ I - , to- at i n g

,\ , l o ’ : u t l  o’ o u ~ov c o t ’ 1 0 :0  n - I  I o~’m lo m h o iIiI ~’, hm c ’o o d io mg a o ’uua i tiv il v , n mnu c h tilt ao - nuaot b’ o ,b tv bt’ at in u g )

ii O n -  o o ’ o u u ’ b o l o ’ o b  t o o  ,\ l- , \ I ,  mm 1 ) o ’ c - o - n i m l t o ’ u ’  P070; . ‘l h m c -  b i u o u l  v , - t ’ n — l o m um o u t  l° n o n ’ I  I t i n m a  a t u b u u m u b t l o - o l
t m I - o - I , o ’ t o m u n ’ u  P 0 7 7  - o s  ( ‘ h U h ,  I l o ’ n m u  ,- \ i ) 0 ) l L  l ) u ’ o m t t  c o b b ’s t u b  l’ o o m t s 2 , a , m u m u o l  - - I it’ u - u e -

~t o’ t it b o b u - o I  t o o  \ V , \  I ,  lu - i  b” o t o u ’ c u m m n - u ’  1977 .  ‘I h i t -  m m m l  v c - o ’ a i n uu s o u t  I’ n u m t a 2 , o n , m o n o l  I ivo ’ O ’ o-
i i i  t i o m n o l  1 1 1 0 ,  u t  o ’ o m o m t  t - o c ’ t  c ’ u o n m u h u l o ’ t i c o t i  o u u o l  t ’ o u n a c ’ o j o ,o c - t i t l v  tu o - m ’ m ’  u - iou )  f o i m ’ t u m o m l l v  s u b o r m u i ) l e - o l  t a
C l  t l -~ I - o n  0 1 : 0  i t ,  ‘ O h s.

I , \ ~~K 2 . 2 , 1 ) 1 -  \ ‘ F l t O P \ l h - N l , \ I ,  ‘I I’ S]

I I t o -  PU u ’ I d ou n _ o - o u l  ( b i b s  t no it o n -  t o o  t o - n-,) r oo t  c u n a  m o u u o b  c ’ n o  u - i t  i c - a  t m m h o o ’ b e ’ o o t t ’ o h  by I h o -  s econd
‘o - o - . l i m o ’ t: un - m l~ too t ’ oou i,lo o o ’ l rm c o nu— o h c ’aI u ’o,t c ’ ( b b o bm ’ u’o o looo ’ oonu o b - m o iitu ’ t o - s o s  w o o s  o h c ’ I e t e ’ o I  f n’o mmm

I t o  o’ ooui t m ’ mo c’l but -n’ b~ o - b -

I —n 0 -c ’ cu noh  ~ o o ou n o - ’  - l - ~o l o o n ’  m o n - i ’  I ( ‘ t o i l) V ‘ I o - s t  a

,-~ ct t o ’ t i o - t  k ’ n- n’ c - sp o o u u s i h o i  l I l y  u n o h o - i ’  I i u b ~ t m o s k , t t ’ b ( h m  ro ’speet to Scconu d Soiuo ’ t’o’ ,
i n c l u i l o - o l  e o 0 1 0 b 0 0 0 0 m e ’ u u t  t o - s l i n g  ouf  ( ( t i l l ’  n ’ o o l o o i ’ a  m o u u o h  e n t i t y  Sc-t a o m u i c h  t e s t i n g  ob l i t - to  h l l ~S(
b O mn- ’t u ’ o u m u m o - t ’ o t s  o -00 0 m t: oin o i o u g Sc - t’ c o nol Soou u’ o’o- n’olon’a ’, uui o h o m i t  l i l t ’ s .

I I t o  - i t  o ’ u m t  a m u  ‘l ’ n u l u l c  -I a w e re  rc’ceiveoi f r o nui Noo ’t lmrop for e ’vmt l u n o t  iou -i , All
om its tue-ne’ o’tn o l u m mt o ’o I m o n o )  o’ c - I ) ootl s s u h u - i m i ( t c ’ o b  b o o  ,- \ 1 A  I , \ V l > A  I ’ l l . t he - h l no  a t o m’ Ru u l a
l o s t  ‘ oh b o o - b it- i- o -  u ’ o ’ c- i - mo l u m m t o ’ o h  no t  A tu t  0)ru el i c - a  mou m o l  th uc ’ nm n ’e ’ ( u rn t ’ ob  ( ci  Nc u m t  h u ’o u 1i ,

T \ I t l , l - :  -13. x ( ) I i ’r!l uo I~ ITE hIS RI~:( ’ 1 - ; l \ ’b - : I )  I O U  E V , \ l , l ’A ’I i (  oN

cm oum o s s et ~~~~~
J 

Rotors Master  Cavity Master  Rotor

- N 0 0 0 0 0 7  N ,-\ I I  U — I  Noo . 2
N 0 0 o ) o 0 ~ N :\ h o ;  I I — 2  N o t . 7
N 0 0 0 0 0 0 9  N ,-\ 1-1 No . 7
N u o ) l ) )  N A 2 2  b l e d )

‘I \ \ O o  s o - O s  c o f o’ o o t o o i ’ s  o un oh c n o v i t i e ’ a  ut ’ c -u ’ e ’ i’c ’ c o ’ ivco h  m i t  A u t o n c ’t i c s , A no uh ie ’ i nui In
-l n un e umu u’v I o 7 o  n on ob O t t o o s i t s  i t o  - o’ o - mt-ce ’ l y e - oh  in l” o - b u i ’ u m u  my I ¶ 0 7 0 ; . A l l  1) 0 0 i’t s ut _ c- t o ’  component
e’~~a 1 u n o b o ’ d  p 0 ’ b t ~~ ’ t oo a u - h - c t ing l Imo’ but-st I w o  o u S s e l  s o - I s  Ito b o lnil (b in (co t I m e -  f i n o u l  gvo ’ o u conf ig —
urat l oc um. i\1I p o m o b s  it c o o ’  o m o u m b  foo t ’  bn st o ’t o n io ’n i  u a o ’  w i t h  u ’ e’goo i’t l to  S i l o - , n’ounu cbu u t ’s a ,
-o ur bn ~~’m -  b i n i a i o , onm l g t ’ n c ’ mm u l  in t c -g1 ’ i t y .  ‘I b o o ’  b u s t  s o - t a  of c m m v b ( y  p m u o ’ t s  ( N o b 0 0 0 ) l )  mmci
N i n o l  )~ o u n o l  u ’oo to , i ’ s  o N , ’\ 11 ant i  N , \ 2 2 )  i t er e ’  s e - I e ’ c t o - m b  to o ’  o u s s o ’ n u m h o l v  in to  th e ’  gv i a o  c o n I n g —
u roil  ion ho 0 0 0 0 5 0 ’  I l ie-v  h u n i o l  a aon mue ’w - him ul  h i t - I t t - i ’  au u ’fni c c-  f i n i s h  than  the ’  cit he i’  a c - I s .

,\1 I- St 0 t ’ nj t  N o b ) ) ) ) ! )  N A I l  o u nc l  hi i- SI ; l ’ n i t  N t ) 0 ) I ( )  N~-\ 22  e ’o o u uupl c ’ t  c-cl m i a s o - n m m h o b v  in
A p r i l  I ¶ 0 7 0 ;  o unch a t m e ’ e ’ o ’ a a I t u h l ~’ I u m u a a o ’ o l  pu’ e ’ f u n c t i o i numu l  t e s t I n g ,  baI~~- out , mmdl t_’ol ob soak.
N o  ~u u ’o i lo l  o- iu u  a c o t  o m o m u ’  I~ I n t l  it c u t ’  t ’f lcounlt-  o’ o- c I .  I b o u w e ’v e ’r , funct  i e un mo 1 lest of tIm e u n i t s
on l u - a l S t n u t  icon I \‘ i’ o- ve - m u l c c b  som u ic ( I b a t -  O ’ o ‘p o int ’  k’s in thm t ’  des ir ( ’cb u’otoi ’ pm m i-a Iuit ’tc ’r s

- l : o b o l o  I - I  s n o m o m n i m o m  t ’ l t o ’~ the  i n i t i n o l  O i i c - o o a ’ 5 n o ’ o ’ i o n - i I t a  of p:1 I’aflU ’(ei’S.
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- , \ x u o o h  ‘t h o m a s  U o ’ s i o b n u n i h  U o o t o m r

\ I t o o m m  . ~ n m m I o . I ‘t i ioo o l mut uc’ t’ l’ o m l hut  o o b u ’  I’ o ‘ u ’ i o  o o l  0 III itu bo I > o o l  t i t o o b o  ‘ 51 0 0 ’ O ’ o I

— - — 
o \ ’ cul t h 0 1\ h o b\ ) l ) o - g  h r  o~~o ’ o’o o ttol ~~o 

— —  

rromoo d ! ‘ m i g n u m m i n r o ’  I I ,

\ t c u ’ t h u n ~o o b o  l . a 00 , 0 0 1  oo , ’— g ci , l :~I So- i ’ 2 - 1 1 9
\o o o o o o 9  \ ,\ I I  0 2 - I a n ~ Hg a2

\ 0 0 0 ’ t h m n’ o o b  :t , o;  o . 7 ’~ ) o , 0 ;~ 0 . 557 S , - o ’  2 1g 1
\ 0000l)0 \,\2g \ b m l c m ’ m t x n m o o l o ’  o~~~ 243 2)  Hg ~~

51 00 -0’ m o I ‘ h o - a l l

\ I I ( ’U o o\ a , -I 0o . 000!o 0 . ( 1 - h ( 0 . 22 5 See’ 2 - l a - I
\ 0 0 I o Y  0 - - 2-133 ) Hg 81

S o - t ’ m -n - -

I - i g L u r i  t~2 , l” ig ’u o’c 83. I” igure’  8-1 .
I °olhO ( It ’  Sig rma ( LI ‘0 - Polimode Signatco u’e ’ I kil luodo ’ Signat u u-c’

N o o  i t  Ii u ’op N0009 N ,-\ I I  No u ’ t iu t op  N00 10 ~N ,\22  h h I C l I (  )N -\0 i SV  St u - ics

I ’ i u c ’ o ’ o -  u u - o - o ’ o -  o it ’oo o o n u o o i m m m h i c ’ s  u ’ e ’ t o ’ m u h e o f  by ( lie- o l m u ( o m  o u r u m o l v s o ’ s :  o l  0 l l o l o o n ’  c i m n m u ’ n t c ’ I e ’ i ’ b a t i c ’ s
it -c ’ u’ o- i- n o — I  Iv  oh I t o - o ’ t - uut  t o’ o o n mo I h o i s t ’  o ) busc ’ i ’ uc - ( i  cm s l n m n o l m t o ’ ob hi IC lI t  )N (h i r o ’c ’ W I  me ’ o’o ( oo r s
m o n o l  (2 )  1 bm c ‘c o t  con’ c ’ h m o o  n’ m oel  e ’ u ’ b  so k-s tie ’ u- u ’  t o t a l  i i’ o i l  t t ’eo’ c’n( b i c ’tu t ’c ’ e ’n N _ -\ I I  m o n u o h  N A 2 2 , e’ u ’e ’u u
t hough I l o u ’  n ’ oj t  i o n ’ s t u d ’ I ’ o - f : m b i z ’ i o ’ n o b c ’ o i  I r o o m o  n m o m o b o ’ r i n o  1 w h u ic h i  ( ‘ m u o o t o ’  l’roo m m n o c ’ n o t ’  u i c ’ i n i I  lea in
(ho ’  0 ’\ t i ’ u a i t o n .

‘I i t ’ o  I i O os a  h u b ’ t - X l ) b o u f l m o t  lo ins  (or I hue ’ ob osc - r i o  -o h  i ) o - h m m m  u - iou  u ei f ( hue ’  n’u u t  c u o ’ s ’, uni o l  [ hut ’
o i c - ° ,’ i m m l b c nms l o t - I w o - o n the ’  N o o r t imo’ op n’ o louu ’ n-’ mo na ’ o s  l o l l o m u i - s :

llo omoug e ’n itt i l u ’ of’ tim e oo n’ iginmmullv l ou r ch a se ’o i  b o o - m i l l  otu uu - i u mmmuto ou ’o mm l .

I I t ’ o ’ m o o o s m -  cub ti i o - g(iodi n ’ o -s t u b t a  cof  t h e- t e - a t s  n o n o l  o ’ v n u h t u n u t i o u u u  oo l  t h e’ g o ’oi nu o ’t o ’v  of
t h o u ’  u’oot ou ’s  ~i - b m o  x — u ’ o u v , it- i re  I o - n g l hm n i e aauu ’ t - r o u c ’ n t s )  it I s  ( h i t i t u g h u t t h u m m t  l imo’  ou o ’us t

~ 
r’ ( mbsu hie coo to am ’  0 I ho- ( ii  sere’panci u-s  utao a h u e  n on —o un b  b’u r m u m its ’ m of l Im o , - o u m n o tc ’i’  In t l

wh 1 d m  No u t  h mop l ) m’ o ) C U 1’Nb . ‘Flu e’ 1m m 0-go - Va i ’ imo t i e ) n  he tw o-en  i’u i t o u i ’  N \ I 1 mutuo l
N A 22 gom \’ u - mu u - u ‘t’v at rong 1mb k-at ion that thu is ivom a t h e- pi’o i l u m o i u i t ’  cmtus e .  Tiio ’
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ext  t o - m i m i ’  i - no  r i n u t  b oom iou toot hi h I t  - hh no t o i p h i t u c l o ’  ) n ’ n o o h i m u  I o m m o o  as u u m b u m u h o u n c ’ o ’  ) o u n o  I
no x I n t l  o u m n u s a  o m u i l u o u b o u u m e ’ o ’ i n m o h i e ’ n m t u - o I  mm uu to u ’m e’ooum l u- toll ’ ‘ o l , oun i o i’ c- o I i c ’t o u b o ho’ o’ u ’n bo’ u ’
o t t  gm ou \ l i v  u o l  o ’ n i c ’ l m u - o ut t o n ’ . I nm I h o -  u - n o  o’ l l o  - n ’ hI I- 501 o h o - v u  ‘ l o o b i o u m u  ‘ n b n o  I a l t o  go’s ,
, \ o l t c o u u c  lit’s pm o o’c,’humu a o’cI omomot o - i b m  I Fo ’ m o i uu 000 u o ’  m m t b t o  m ’ i’o ’ o m o t c n ’  i i ’ l mio ’bm I m m i o l  a i n i m i l o u t ’
eh mom m ’m oc’tc-o’oa t l i _ - s . m o l e - o h , it’ i l b m u o t o t  o o n m v  i m u t o ’ n l i o o n m n u b  m i m o s a  L O O u b 0 0 0 b 0 0 0 i e ’ o - , blot-
n m m m o a s  t, n n m h o o o h : o n i c ’ o ’  o o l  l i m o ’  t i n u i s h m o - o l  o’oo t o i u ’  ti n t s  S m o  I n o t ’ g t ’  it i i’ o- ~’ I t o o I o ’ d  l u l l  sp in
t l b  0 i tt limo’ t o  0 1 0 0 1 ’ .

2. 0 Ot la o’ l i m o nu ‘‘( ‘ l o o m  I t o ’  ( - oi l

N o ’  n I  b u n ’ ’ c I t  a I i  o’ a t  o ’ f b m o o ’ I  co f  u’ o u t o  n ’ n n m m l  o - o ’i mu l c x l  u ’c o a  l o o n  d id  u m o u l  b o i ’ o d I m R ’ o I h o ’
g o-c m n mmo ’ t r.’ 1mm tIm e b u ou m g t o n i  t o o  m m  u uu i o b s o  - c t  ‘ ‘ mu ‘ o h  I h o -  e \t  i’u ol o ’oh i’oo o l,

too 0 0  n ’o b o ’ o ’  0 , ,  g o - b  n’ o t o o  n’ a o i l  b l o c -  d c - s i  o’ o - o I  go ‘ 0 0 0 0 1 0 - l i t  Ot t  l i t -  I o ~~’ ou I ion ~, i t  n o t  a
om o ’ t ’ o - a  -~:o o’u ’ b o o m ’  N o o u ’ t  I l l - do l t  t o o  l o s t ’  n i m o m b c ’ i ’ i o u l  c ’ I o o a o - i ’  t o o  mm l i  c -n i l  s c o t  iou . ‘l I m o - n o -
it c - n ’ , -  t o n k o i m u t u  n ch in  u - o u t - t o - u - i  a t  k’s i o u l I m o ’  o o m n u t c - i ’ i m o  I t o’ onm m atoe’ Im no s e c t  boon  o t t n o n —
a I l l o o m u  I o b m o o a i  lou l i m o ’  e - \ b o ’ I u t l l n g  l o n ’ o o c ’ o ’aa  o u n u o b  A t ,o b o o n o - t i c ’ a  b o n o o l  nmoo o ’—n b o o - u ’b c - nco-
w m t  Ii I Ito ’ s , ’ n —o’t’Ib o ot ia . II i s  n u o u t c ’ t b  l m o ut t’ o ’ v c - n ’  I h m o u t  I t  soot - l i  t v t ’u ’ o ’ l I m o -  c o o  s o - , i t
ii o t i t l o l  s t i l l  l o t  o ’ \ b o , - o ’ ) e ’ o h  I h tml  N_ -\ II omum ch \‘\22 woo t n l ol shout si rum i loom’
c -lim o oo u t ’ lo- i’i al lea .

I” o o u n’  e ’ t o n u i 1 i l o ’ t o ’  s o - O S  o i l  Au ug bo- t mu u o l l ) i’ i bt (‘ o u b i h o ’ o m t i o o i u s ito ’ia- p o ’ i ’ l o m t ’ u i i o ’ o h  ot m u o t o c I t o i l
h ue ’ Itt - tm bh i- ~C’ s c ’ o u m o t o u i n t h i g  N o o m ’ t h m r c o l o  t ’ o o l o o o ’  oono h ( ‘n i l - l i t ’  s c - i s .  ‘l ’ hm c ’  t o - a b a  t t o ’ u ’ o - c ’ o o n u l o o c b o - o l
in t h o -  h o o I l ,  m \ b u g  so-u l l o c ’ o m c ’ o - :

I .  ‘i iv o o at -ta o o b  \ n g l i -  o u u o l  I ) u ’ i t ’ t (‘ o u h i b o m ’ o o t  lo o t - ia  i v i l h m o u u t  ouuu lnut u n - o ’ i m u o ’ i l i n o l o -
s h m t i l o b o o t o , - om

2. \ tbuii’ tl s o t  mi l I e u’ mu g yr o  a h i n t d u u i i m- i

t O . ‘I b o o -  t o o u i ’ t l u  so - I  n o t I o n’ n um m n u o l c h i t i o o n o o l  a h o , n t o h o o i v r m

A t o m b o m o l o u t i m n u  o i l  t boo ’  Ang ic ’ nu n o h l ) u ’ i f t  (‘ o o l b ho ’o mt  b c ui u i’ c ’ a i c l t o t o b s  i s  g i l t - n  in ‘l o i h o l e ’  I S .

, \ c o m o i d p i n t t -  n ’ 
~ ° i’o o g i ’ n u n m m  w O O s  pt’ c ’ pmu 1’( ’o l too  ( ‘ 0 00 01 1) 00 na m u n c h  m u n n o l v z c -  I h o ’  ‘ I n - i l l  pmo n ’ n o i o m o - t o ’ I ’ a

- i n c m  o m c n m h i h i n ’ u t  Ico n s. ‘l ’bmo ’ dn ’if t io nm t’oun uoc ’te ’n ’ s toii’ tIn- ttt oi sc-Is of t’cotu u’ c nu l ih on’ n m t bo nu a it ’ c ’ O ’ o
t l oo ’n I)u’O t t ’ o ’ ’ ~a 0 ’ t I  ( b o r o u g h tlm o Im ’mu’ounio -lc ’o ’ (‘t u nb m p mm u ’iaoon prc ugo ’mior ~ A t o t b o t i l n u t i o o n i  d)f t in-
p a i : u m i i o - t o ’ n ’  o ’ o o n u u l m m u n ’ i a o o m i s , t o o g c - l I m c - o ’  t t ’ i th i  oo \’ t ’ i ’ m u h b  n u o - n u n u  d b t f e ’ i ’ e-n u o ’ s , i s  g i v t ’ u u  in
‘I m o k u l c a - h o ;  m o n t h  - 17 II ~~t o ’ o I  I o u’  I )no ?’:mmo-Io-t’ a .

I b o o  o ’ o o u o m l i t u u ’ i a o u t m  lt n ’o u grm to mm u’ntn ka l I m o ’  I 0 0 0 m ’ o u u o m c - I e ’ o ’ a bu s ’ l i m o - b r  I {i’t b S t b u ’ i f t  i’ m m l c ’  o - f f o - c I ,
mu o l i - ’ -n’ m ’ n i c h b r i g  o r o b o ’ o ’ , t o o n’ e -oo c i m i n o h i v i o b t u a l  e - m o l i b o u ’ o o t  b oom n u u u o l  i t m t e - i ’ e ’ n u h i b o n ’ n o t i o u n m  c ’ o o m u m l u n o m i a o o t m .

- t o u b t i m -  I ’  i o - - t —  ( h o -  i u ’ , ’ o ’ o ’ o o I I  I m00 0 ’ n o n o m o ’ t o ’ r  o’ o o n k i n g ,  lo u ’  o-n ie ’ i m gu ’n ’ m o , fo om ’  t h m o ’  o t h o a o - n ’ i ’ c ’o i
l o u t  0 1 ( 0  o I l  i ; u ’ moI  b o o n  c l i  f b i -  O’ o - n i t ’ o  -a .

‘l Im o p010’ n m n o i o - l o ’ t ’ s  I h i t ’ i i i a o ’ I u ’ m ’ a , oil ’ ( h i ’ i r  v m m n ’ i n o t m u m n s , o b o m 1)0) 1 ~) i’ o ’ st ’n I  m u c i t -n i l ’  b u i t ’ t t n u ’ t-
of l i m o -  g V I ’ io p ’ m ’ b o i ’uo mo mn t ’ ’; Iioi u , t ’ v t , o ’ , t h e - h r  t ’ o l u b v n u h e ’ o m t  R h I S  o l n ’ b f l  i -ni le ’ s  o lu t o o ’ ooi ’ id c ’  non

b u u s i g b o l .  A e ’cou’ dbn g b v ,  t I m e ’  c - t i u b u ’ o u b e - n t  H h l s  d m i f t  o F  t i m e -  i n o h i t i o h t u o u b  pmo i ’ m o t o m c ’ t c ’ r  c h i f f e - o ’ —
u - n o t - n - -’ i t o - J o t mo h n u boo te ’ d , l o g c ’ l i m m ’ n ’  t t - i t h m  t h u c ’ i o  o v e ’ n ’ n t h b  I lb IS  t ’m uboo t -  n u s  a l moo t t ’nu in l a l o l t ’ s  -I! )
m u n o i 50), ‘I ’hi c’ c ’tio, mbvn o i c - n u t  R h IS  o bo ’ i i t  raP- o ’ h i m o n u g o s it- c’ o’ e’ u ’mu n kc o l , lu - i c l e - acc - n eh ing  on’ ek-i’ ,
b o o n -  o o o ’ b o  g u i t i  m u n o b  t l m t -  l o a l i n u g s  no u ’ e - ah mu i t ’n  b um ‘I mo b le-  S I ,
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I b . U i ’ : s I ’ I . ’l’~” o o I -  \ N ( I , i -  ; \ N I )  D1~ ll” ’l ’  ( ‘, \ I I l l l ~i\ ’l ’ION ‘I ’ l S’I ’S;
S i - : Rl l- ; s 0 ) 1 ”  l” Ot ’ I t t ’ ( 0 N S I - 1 ’ I ’ ’ l ’ l \ I - , ‘I ’l :s ’l’S

(Gv ros N Ac0009 m un ich ,\ ;\ ( Ot )  10)

‘I’est I c - a t  ‘l’est ‘l’ est Overndl
Test Results 1 2 3 4 rms

N , -~-0009

Angle (‘m o b [hi Residual . 113 . 107 . 111 . 102 . l 0~
m r n o o l a  r i-mis/axis

(‘alib Tot al Residual . 173 . 167 , 159 . 140 . 160
mrm o ob s rnus/mexi s

l ) r i f t  Coel ih - 017 . 011 . 017 . OIS - 016
oleg rn ’us/nuxi s

(‘ no l ih ‘l’ otm ul Rate . 049 . 047 . 045 - 047 . 047
(leg rms/mtxis

- N ,-\-00 10

,-\iugl e (‘n o li b Residual  07 1 . 073 . 072 . 073 . 072
mrmu ib s rms/muxi s

- (‘ mo l ib - ‘Fotoul Residual - 100 . 096 . 096 .111 . 100
r mur ; u ( bs  rms /mix i s 

- -~~~~~~~ ----~~~~~~~~~~~~~~~~~~~~ ---~~~ ‘-- - 

I ) r i f t  ( ‘ alib
deg rms/nnxis . 008 . 009 . 008 . 009 - 008

~
‘aIlh ‘I’otm ol Rat e

deg rnus/mtxls . 704 j . 71-i . 706 .711 . 708
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‘l ’h c ’ I ) l ~ t ’ ’I ’ c’ sI C ouusole i s  I’mnn m c t io n’mm m I Iv io lent  i ( ‘mm I I n  ti - me ’ ouue usco I iou t he  Soo li it - no re-
b e - s I  St a t i e m m u .  A s u ’s t e ’ou o  t es t  l ’ix t u u ’e ’ pro t ’ t u l i n g  mee h o or ui e :o I support no no l c - k - c - I  r i e :oi

m ute ’  i’t ’onu le ’e ’I iou lou ’ 1) 1° 1’ im muol u  Ic-s m u n d  tbu e ’ i  r I nI e’ u ’I ’ac’c ’ m u emo bu L a  ut - mo s o l e ’a i gne-o l  , fncbi’ i ( ‘ mi t ( ’ oh
n ui m c h tested . ‘l I me tii’e o interl ace om mc mo lmule s U’ Pt’ int o-i ’l nu eo’ o oo m ol 1 0 )  i n t e m ’ I ’a c ’o ’~ it - c- n— c- a t a co
o h c - a i t & o m y o h , l ’n u b o ’ i c o o t e o l  m u n d  I o ’ s l t ’ o I ,  Bot h b oo ards  c emntmtin ‘I ’ ll , cir c uits i n  1) 11 > Ixm (’I~m og(- s

I)Iuggc’oI iri t t o  no i t t  n ’c- it ’ 0’ Oi ~~ ru m , ‘tI n Ic’. ‘l’he C l°t ’ in to’ r t n u e .’o- n i ( o O h t O  Ic p o-ovj dc-s c l o c k  ci men u it ru’
mend m t  ei- l’ac’c bo,’twe ’en t h ’  C PU mind the c’ont vol jmnrnc’ I. It is uscnl in the-  I - Pt - m u n c h  C P1’ -

u m m e n m m o r v  t o - s t  i t m 0 4  co l ’ t i - ic -  1 ) 1 > 1’ , ‘l ’ lu e - I ( ) i n t c - r b ’o mc e h omu rd is usc -oh  c m n u l v  ut’Iu ’n t he- PlO boon o n’(l
is P lU~ i~~’~ i nto t I me ’ t e s t  !‘ixlure . It b ) rO t ’ i ( l ( ’s  ti rn o l ) oo  u ’c ) tn n o l  of I ) P t  ‘ owl put s to ) i np mnt a t o o
I ’n o c u h i t m m t e -  l ) P t ’ s e - h f  t e s t s .  i ’igure- 89 shm e oto’ s ti - me- t o - s I  I’i x t u r c ’  i t - i l l - i  I ) l ’ t ’  nond  t he  i nt c r l ’no cc ’
b o o u n o o o l s. Bcot ho i um t o’ t’ fn oc e hoa rds use ut ’iolc t c - o m i mu e ’ m mu t U nc, cO o m i l ) e m nu c-nt a a~o m i s  to ) ah louu -  t im e
c ’omp le’t e 1 c-al li sI to me to  he j oust  nob  hc ’ ol in I I- ic- 1 c’ii l)c r’: ot  to o_ c ’ e ho m n ibe ’ u’ h o , ’ tmi r n pe  m ’ m o t u  m- e te ’ s t ing
omf I l - me— 1) 1> 1 ’ .

-

1 1 0 4 0 m m ’ ’ -  ~9. 1) 1°C  S i ’ a t u ’ o i o  ‘ b o a t h ’ ’ i x l o o o ’ u ’  u t i b hm 1) I ° i ’  min d b uu l c’ o’ h: oi - o ’ h t oom uo ’ ohs
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‘i ’bme ’ ( les ign ’o , f’o u h n ’ i c n o  t i ( m ou , no m o t h  t c ’s t ing  oof  the I ) l ’ l  - l- ngi nu c ’e r i n g  ‘[‘c-st E q uj p u u u e -n t
ut - mo s -ooi m i m l e t o  - o h  m u  ,- \ p n i  1 110 7 ( 1 n o o m o l i t -mis n-imO ( ’ ec ’ssf  m o l l y used in I ) l~ I ‘ m o m d u l e ’  ( ‘ lu e - ( ’k cmut  n o n ( I
I) l’t 

- i ou tc-gn’ m o t i o m  t - s t i o’ og. I o I ) e c eu mol m e  1’ 1 1 0 7 0 1 , tIme- I) I>t - sv a t e -uui  test f i x t t n  n’e’ shu ouo’ n iou
I ” i gnu r o~- -SI) it - no a o mio ch i  f ic°oI  I t o  mo il e o ut - ommoi ’e nm (’(’ul’ate I e a t i n g ’ of t ime  l)Pt out high t c o u m p e m n o t u  cc- .

‘hu e l ) P t ’  l e ’ n m m l ) e - u’ m ) t u i - e  t e s t s no mc’ discussed in I ° n o m n u  2 . 1 , 7 m u l o ) n g  w i t h  n o n um om e ’ d e t a i l e d
o h a - o n a a i  comu o i l  I he - Ic ’st l ’i x lu  m e  omiodi l ’i e ’ n u l  i nom .

I . 1 . I ‘I’ e st  , \ i o h a

‘I’Ime I ’c - s t  - \ i e l s  o l e - s ign - me-oh  n o u m o l  I’m o h u ’ i c o t t c - o I  too s t n b ) b ) o m i ’ t  I- , P h I  i n t c g m n o t i n n  mo re ’ lisle- o h in
‘l’ n ul m bu ’ ,S.

‘b ’ ,-\ i~~,I ’ ‘~i”i. ‘i’l’ S ’l’ ,-\ h1 ) S
— 

Qtv P n u r t No. 
- 

I k - a e t ~ pUon

1 0 0 1 ) 7 0 0 — 7 2 7 —  I hbo du l€ ’  1-; xte ’nde z-

I )2 n - o ;i —727— I ‘t h o d L n i e  i’; x t r ooc t o r

I O2~~o ; l — 7 2 7 — I  1 b l o o t b u l e  I ’ :x tn ’ moe ’ to i’

1 1 0 0 0 , 1 2 - 2 7 — 1  G cme ’ o ’-i. ( ‘ n o S b o ’  ) U i n m m h n o i )

I I ‘0W ~0 0 7 2 7 — 1  ( coe n i  ( ‘ n o l m f e  ( F 1 m o s c — t  I ’

I l ° 0 ~~l n - - 7 2 7 - 1  ( ‘I ’C Pin St rot i4 t m t e ’ o u e  o’

I i 0 )~~l 7 - 7 2 7 - 1  C b~(’ H e u u m o u n t l  E’c m cml

I l )),olO )-7 27-l l°omtve i’ Supp ly I- x tt’nok’i’

L. - - 

iU~~i i -727 -~~ ~~~~~~

-- 

l b .  V . S~~~tc, ’h

1 .2  ‘I’ ,\ S K 0 , 2 , l N l ’  ‘ l ’ h -  S I ’  S’I’,\ ’ I ’iON

‘I ’l te ’  p to i’p oses  c f  t bn , s  l n t s b ’  \ t O ’ l ’ u ’  to pI ’ o ’ ) n t n ’ c ’ no ~sp e ’ c ’ i h o ’ n o t i o m n  fo o n’ moo - i  I - Ph i  S u ’ s l o ’ o o o
ho-at S toot i oot u ~S 1St o u m o l  t m  l o ’ si 04 o m , ok’t ’elo mbo , l’n oh ric ’no t c,’, munid i n mtegn’ot c’ ( mo - me. ’ I - I  Ph I  S I’S .

I. 2. 1 S-I’S Spec ’ifio,’ooti onu

:\ ( ‘ I  n-~~ - e j l ’i c ’ n o t i o oum , _ \ , t u f f l O 0 : O , i t m o s  ~o n ’ ~’~ t o ’ ! t o o  o l o ’ l ’ i um e - t I m e -  l - I’\l “0 1’S o ’ 0000l ’ t 04 000’ not io moi
o o h  a ogo m n i I t o t , -  u’ l ’o o e ’ o’ . ‘h’lujs n o  t b  i o o  Iv  t i n t s  c em ou u ’ o bo- to’ ,I i ou I ) e’ e’e ’ ummho e -n’ 1 (7,, .

1. 2. 2 l I ’bI  Sb’s ( ‘o unfi g m u mm ot no on

b ) o - s i g nm , d o - v e ’ l o o p n m t - o m t , l n o b o o ’ i o - n o t o o ’ o t , m m ml 0 0 0 t o ’ g n ’ n o l i o U u  ‘ ‘ I  t I m e I’ h ’hI Sv st e’ umm ‘lest
SI no 1 0 0 , 0 0  it m m a c ’ o o t m u i m h e ’ t e ’ o l  m m n m o h  t ime ’  I’ . I ° \ l  S I ’S t o n i  s n - t o o t - u ’s - - I oil Ii ’ usc’ I io u 0 O t t o  ‘04 0 : 0 1  ‘ ‘ t m  o o l  th e. ’
I - , Ph I .

b O o ’ ’  I - Ph i  Si’S m o o u o l  I n— , i m u t o ’ n ’ l n o o ’ o ’  i t o l t o  t l ~o ’ m o ,  0 0 0 0 m n c ’ s  m u n o l  o ’ n o l o o t n o l  e o b 0 0 1 I ) O m i e ’ m m t  i s  o b c i ) i c ’ I t ’ ol
in  I O g o o m ’ u - 1)0 , I - h > b h  S v n ’ t t o - o o u  I ’ o ’ — ~t O” ) , o t o ’ ’ o t ,  ( 5 o i ~ ’ t ’ o o o u o o - n 1 t  t ’t ui ’ u m i s h u e o l  n ’ e h u j p m u m c ’ n t  L I - b - i ,
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l n ok e ’mu f r om t h e ’ l ° h m o a o ’  2 ,\ I S,\ ‘l’ e’ at Stm t ti oo n , i s m o l s om id cntifie’ oi sine’e’ oouue of I- l’bl S I’S

o hmj ee ’t i i - e s  it -mi s too m m u m okc ’  n im o x i n ’ o ’o m o u m  t u t i l i z m t t i o m  of U I—I- ; f n i on u m p r i o r  \ I I C H (  U\ ( ‘ontn ’n o ( ’ts .

l ime ’ I- b ° h l , I- ’ b i g h m t  U n o e ’ k , U n t t t e i’v , ( ‘ o m o o l i o m g  I” n u u ’ o , m o ~ l ( ‘ 1) 1 ’  h l e n m u o r v  - \obn op t e’r mo re-

p lmu’s i c ’nm1I ~’ omm cm uo mtc ’o I tom get lie- n’ ooou no tmo h hc- n u mom mon uting m m clot b)tc u’ tt ’hic ’hu is ~‘ouimpot tjl)le’ to- itb u
i t  foe- n’ b lue  n n ,  ommomo I 0 0  t ’ nout t mn u no t i c ’ 0 (l oot ’ n y o  tmo hI c ’ s .  SI o o m’t m o o l m o  I )tc ’ 0’ c ’ mu l ) I  o -a  o r e ’  ~)e ’ r ou m no n en u th u’

m o t t n i c b u c o l  t o  t h e  I’ I i 0 4 I u t  n’ n o e k  in o i n ’ oh er t o o  b ’nwili tn ot e ti - in - i n-m g ot no l t om b )no )u’ ioi e ’ n o o 1u i e ’k  d i s —
c , ’ o ou t ie ’t ’ t  e ’ n u p n u l m i l  i I i ’ .

.-\ o l i s o ’ u a a i o o u m  oo l ’ t ime ’  tin t or  c 0 0 0 l i I ) o n m e o u t s  0 ) 1’ t Ime  S’I’S i s 04it ’e’nu iou tIme f o o l h o u t ’ i n u g
1 )0 n’nt L om nop hia .

1.2 . 2. 1 ( ‘ 1) 1 ’  bi - o n o > r v  ,- \ o b m o l m t e ’ i ’  t o o l s o  a t e ’  P ot n— m o 2 . 3)

‘I’I mc- (‘1)1’ h l c - m o o r v  ,\ (ino lmt (’i ’ l )rc ou ’i ok~s:

.\ I 0 ; l c i i i  n ’ o I  I (  hi  t (‘em i’e- ou ie ou o rv m o n t h  the ncce san ,  my no ( l oo p t  i ( o f l  ci r ein i tn ’v
i’equi  n’e ’ h  to o u t o k e  t h e’ nmenu )u)l’\’ elect ri c -o o ll y (‘on’opoo t ih)Ie’ itit h i ti -ic’ b - I Phi .

2 . ,\ h i t  pm , u ’o o l lc ’ I  c hmon n c ’ I  oi lu i c i i  en o n  dr iu ’e  e i t h m c r  no p rinute r tlocmu t eoh in (ho’ l ) P t ’
( ‘o d m u t  n ’ co l  (‘ mns ol  i ‘10 ’ 0 I I  P2 I OO S (‘oouup u t c  r . ‘FL is c’ hmmenu n e l  n o b lout ’ s l’ m r (Io u t ot
go t t h ic -  n ’i tu g and I’ Phi  ( ‘ 0 1  i b ) m ’ m o t i o O u  u o - i t lmoim t  ok -pend in g  on the  1 553 o b mo too h ems
m ute ’ o ’foo c - c - .

0 _ .\ coo  m m i ~mno t i l m l  e’ so ’ m i m i !  100 K hi t  Sc’ m’ m mu I eh mo nne l  C O O  1) 00 1) 1 C’ oof i mute r I ot  c i n g  to’i t bo time ’
N ” u T ,- \ ( ‘ b ) t ’ .

I . ,-\ c o n o t u u u n o t i o n m  t o f  t I me -  s i g n o t )  a r e qu i r e d  fro m ob .) e ’ r mo t in o u  oI’ t Ime  (‘ o o n u p o o t e i’ ( ‘ on mt t’ uol

I m no umc , 1 1 ‘ ‘l ’ t I om c m o tc ’ c I  iou t ime ’  1 ) 1 > 1 ’  ( ‘ c n t rcd (‘on sem l c ’ .

\ I o~~’~e -r  su p~m I u’  n o n o l  pot ue ’i’  e ’ oo n tu ’ c ml  fon ’ n u l l  in t c - o n u m t l  ( ‘ i r ( ’u i t o ’ u  i n e l u o h i m m g  t i - i c ’
c o i m o o  cv p1 t~ s I hu e  p~ to’ e’ r r eo lu i  i-eel lmv I lie’ I ’ 1) 1’ . ‘I ’lme I N  I ’  0 0  \ 101 ”  I” o h ae’ o’ e ’t e ’

a to I n’ o ’ o h  , i m u te i - n - m o I t o o  t Ime l- I ’bl  , to > t I me - ( ‘( ‘  I ’ coou muc ’c toi’  m i s  t o e - I l  no a tIme ’ o u o r m n o  I
a i 4 n n o  I ( ‘ i ) uu n i e - ( ’ to o r  t oo mo lli o u t ’ Fo o t’ (ON ( 0 1 ” !” comnutrol b’i’oo nmm ( hue ’  ( ‘ 1) 1 ’ i - j o t  thuc b ’ I x t e m n m m l

o - O ) - i e O  o ’i- .

I , 2. S I .  2 1 ) 1 > 1  ( ‘ t o n u t  u o o i  ( ‘ , o i m s o o l u ’

I t o , - I )l’I (‘onuto’ omI (‘o,ns colo ’ e ’oontooi ots no (‘(‘I’ Fu o i’ muse ’  u t - i t im t im e I ) P t ’ , no pmopc ’ i ’  t o ope ’
m u ’ : , -  I ’ ’ ’ , o t t - I  n o  I ou’inmt c -o’ m umuol p i ’ioi to’ o ’ o ’ I o ’ , - l n’ o o m i j en- . I ’ b m i s  ( ‘ o t m s t i l (  tu’ oo s o t i i l t  u i i t h m  c no l ’u i t m m l
t :  t o - 0 0 0  — S ,

t .  ,~. :‘. :t I O n u t n o  ‘l’ e - r ’ n - i i n u m o l

l Imo’ - I n o t n o  l o - n ’ n u u i n m o l  is I m l m v a i e ’ m o l l ,V l m m t e k m n 0 4 o ’ u i  i o n  no s e l f  ( ‘o ) t i t _ ’ t i n i e - o l  1)m o n e ’ I  io’ hj cim is
nuoo otomm t o- o l imm (hue’ (‘ooooo b ooo tc-m (‘om n sohu - (s000 umc - 0 ‘o n m p u t c ’ o ’  (‘o ou u so ile. ’ Imi’ om(’ui ’ i’e ’t I b r  ou s t’ uo ’it bu (hue
o ;S,-\ ‘ I ’ ’ ~t 510 , 1 0000 u n ud o-  o’ 1 > 1m m so ’ 2 ,\  0 .  ‘I ’ho -  olmo to n Ic ’ m ’ m i m i u u m o l  n o t  l o o t - _ s  floe 1 1 l 0 o l O O S  ( ‘o m m m i p t o t c ’  u’
too 00 (1 ta n o — v - — t o ’  O O i  ‘ ‘ ‘ ‘ 0 0 1  , ‘ o u l  be ’  o’ tom t o - a l  t h e’ In ,  I n ,  t e i ’o ou i  m m m i I f i u m u c t i o o n m  io u t im e . ’  I N t ’
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1.2 . 2 . I (‘ oo o i n u e ’ e ’ t u m o ’  ‘l’ea t  U omx es

l ’b m o- (‘ oo t t o m o ’ o ’ t o o n ’  ‘I’ o ’ st Utoxe’ s l mn’ ootio l o ’ Ic-at p ominmt si g muno l ote’ec’ss os o’e’c l io i o ’ c-d non cb toe’

o ’ ’ , m ’ m ’ ~ ‘I a i - ~t o n i l s  o’ o ’ o 1 t mo t o o l  l o o n ’  o l i a p l oo t ’  0 ) 0 1  (li e- I- h > hl ‘l’ o’ ,st (‘o m nu , s t m l e ’. ‘l ’ l mo - lo st h e mxe ’ a  mo re
t h o u ’ i m u  l u i m o ’  i t t l o - o ’ I n o o ’ o ’  l o o t ’ n - i g o m n o l s  t o o  be- r o o t o t e o l  t i m  t I m e ’  t o n o t i s i o ’ u u t  r e -c om o’ olc ’rs U i (oo umoo tiemn - s .

. 2 . :’ . I ‘ h I  I o n - I  ( ‘ t u o m s o - I c-

l b -  I 0 \ I  ‘ ‘ - — —1 ( ‘ o o n m a o o l c ’  o ’o oimsisls um i ’;

I . \ l I t  n, ’ t t  l o s t  l ° n , n u e ’ l  ti l u i e ’ I o  e ’ o o m m t o i t m s ( lie ’ p r i n m e ’  po o\ t - e ’l ’ e ’o ont mol  m u n c h  d i s t r i h t o t i o m o u
t i n , - I - I i ° \ i , o - 0 0 0 0 l i n m 0 4  l’n o nm , m o n m o l  l - , x t - u’ n u no l  h l e ’rnemi ’v  no s  u v e l t  no s  d i sp l n o v  o mf e ’ r i t i c o o l

O 0 4 t n O t

. A ’l’ eommpe ’m ’ n o l t u ’i’ ,\ Io>o mi t oi ’ I ’ n t o u e ’ l  o o h m t o o i n e ’ o I  f i ’ o o mm t ime U S.\ Ti-st  S t o t i o o n .

:0 . ( ‘ oo n m o t t o o ’ m ’ c i o o l  e o h o o i l m u m m c n u t  c o f o t n o  i n c - t b  l’ o’ oo m t Ime  I ;5 , \ ‘Feat Stm oti o on o ’ o o n a i a t i i m g ro t ’

t ime-  sc o op - O d  n u t I 1° n’ e- no nu b)5 , eounute n- , I )\ ‘  ti Scm ’ ome- o , no mu d 2~’ V Pflit’(’ r Stop b oI ~’.

i . :1 l’ ,\S I-~ ,; . , 0 , UI’ : b 0 ,-\ b U

‘l ’h m e pu m’jx) Sc ’ e) f i lui s task  t i n t s  t o m’ ep ou n’ i ou — Iuo us e , oms ne ’co ’ssoo cv , blue ’  1-I Ph I nu ou l
S’I’S . ‘ l ’ h m i  a tn os k  a ls e m i OucIU ( Ie ’d re pnmi  0’ , mI S ncci’Ssoo ri , of tim e’ N57~\— 1, N5 7 \ — 2 , I IA I- li
o ; s,\ , noomo l  l I m e ’  I > b uo i s e  2 ,\ m’ e-s idc un ml h m o  o’dwa n o ’ ,

, \ h l  l o t  i It o n o - s  no t  t I m e ’  s v a l e n u  i t - i - i - I  wo - n o  - u’e-coi’di-ci on l”U H b” o n’n uu feo u- Uenuo va l
U u - p c >  ‘ ( m ug) km o n u s . ‘ l ’b uc ’  I m m i l  u i - n o- it’ ’’ t i ’  tb - mi - mu m o o m n o l i  / i’d hi t h o ’  n’ c ’SjX) fl s ib ) I e  i ’n u gi n c ’e’  o’ , the ’
t o  - b i a l i i l i t t  c - u o g i t m e - e - o ’  m ond aI ) l ) o ’ eo h ) ’ o o o l o ’  b ) o ’ O b o I e ’  I’o’oni P O l ) r i c ’ m O t m em n on ’od hl oo t i’ri noh mu-mci I> i’oci’ss’’s

b I & 1 °~ lab ,o o m ’ n u t o n ’ i o ’ s . \Viuc ’tu [ h u e ’  t ’ n o i l u n ’ u ’  woos  i s o l t m l o ’o l , the f n o i l e o l  cemmp - n eu ut  w ’ no s  se - ou t to t h e ’
h I& - 1’  o : , I o e o o ’ n o t e m n’ i , ’ o ’ n  [ro t’ o o n o t h u ’ s i s  i f  o h c ’ e ’ o m u e ’ o’I n u c c ’e - s sn i o ’ v  hy tb - mi’ r e l i a b i l i t y  eno gine’ i ’ r  mo n d t h e ’
o ’ ’ spo m nusi b oh e’ 0 ‘ngiou e’e ’u’. ‘l’hm c’ R H ’ s we ‘u ’  e ’l eoso oi ono t lo t ’ t im e - s i gnoo tu  m o of l im e m ’ i - l i a h i b  its ’
c tu g i n ’  - o - 0’ .

R e - i  on ,  i n ’  c ot  gv m’OS was accomb)I i sb’oo’ oh t oo ’  fm i , i l i o u_ c’s c lu e - to n’ otou’ (1 m’ t ) I is  (11 ) ,  i n ipm ’o )p em
1)011>051 0’ sign mo teo t o  - I~~, Ml ‘M o omp h [c od ’ ’ toe) lu i g ’}m ( l ( ,  l ou o’g’e.’ li’ak ( 1 ) ,  t at’ i c )uu pu muu b ) h igh
i’oft:ugc t o - u - ’  Ii i ’ouglm 1oiou ( 1 )  o o n ud a pa u-k ( l n o nu : tg e ’  of i n t ’ o ’ l i n o h  g o’ad i ’ anu d susb oi ’nd i ’m ’ (u ’ pe’ gv n’os .
S o - t o  ti u ’ohm 0’ ( 1 0 - c o l t  t)(’cUri’i ’(i on [ h u e ’  1-I I ° h I  si at u, ’nu . ‘[‘ho - ( ‘ n o l i s e ’s t o o’  th e - se -  w’en ’e id eumtifi i’d.
t S o - o ’  I n t o  ‘g o’at i o mu I ‘no m ’ n o 2. I’m , ,-\ clunol u’ ohfl ’ ol i’e~~), ( ‘mi los o  ‘o l l o t  opt ’ n ato m’ o - n ’o ’o o’ , c,e’t’io i ’rc ’el ro om
t i m ’  - N~~7 ,\ - - 2 . 0 )ne u ’ o o t o o  i’ o h r ob ) ( e ’ a t u s i ’  not e ’ s t m o l ) l i s h u e i I )  occiu m n ’eeI omm (hi ’  II ol lonuan Lv ro
a , o l o n o  a s -n i b t I ,  - 

I )f l u  - u ’ot t  0 ’ oio ’ e) I o ome. ’c ’ LO r i - c- e l  room ‘I ’ t ’ s l  St n o t i o n  I \ ’ . ‘b’bme c ’o m use to o’ tb -mi ’ c i ro mp uu ’no 5
fl o ) u_ e l ,  ‘ a o l ’~ c- a l  mo b , I  I a i m e d .  It is  muoto  -d , b u o w t ’ t o  ‘ m ’ , t h o m o t  t Ime to o i ) l e ’  woo s  b e t  tug n mm o -ut ’ i’d not t i m e ’  l i m u m e ’
ed l i i i ’  01 0 0 ) 1)  m ono l  i l  is  51 0 5 1) 0 -c ) ‘ -o h  t h u m o t  no m e c i u n i u m i c a i  shoe ’k of t I m e -  ( ah l e -  as it  was b c ’io m g n m o u - o-d
(‘0101(1 h o o t  o - boo-u-nm l i n t ’  c ause - . ‘I ’ no h l  o - shewk I i’ :om’ os i e ’out s  of t o - n v  h ig h  g le ’u ’eI s coul d I me e’xpc m’ —
i o ’ u u c ’ - o l it ’ ( b - m o ’  O n , 1 , 1 - h i ts i t s b u m o m ’ o I  stops . The ’  l’o i c m n m o u ( i e o n  F a n o l t  i u m o n i t e m m ’ s  i u m d i e ’ m o t e e l  010 p0WCO’

or soj ,s pm ‘015 i i  on ‘ - h - c l  0’000 i  ~~~~ 1 ) 0 - 0) 1) 1 c- oil a , ‘ l ’bu c ’ [c - s t  s tat ion  i m no a i me ’ e ’n  ro p e ’ o’ m mting m’ i ’h i a h h v  since.’
t ho’  ol 0 ,01 0 .

I - h i , \ t o  I 0noir mo o -to t-i tt’ c oonma l at o -ol oil ’ uo ’p oi r o o l  iii ,, o l i g i b t i o - o ’ a .  [mm \oi’ e n u u b o ( ’ u ’  P0701 ,

I - \1,\ , \ 7 7 b I  — 7 o ; O u  I -0000 2 ’m ’ t i n o s u’ o ’ n o m o o t c ’ o I  f r o m m u  tIme ’ I’ I’\I it - lie-mu its se’ m ohe ’ ln o c’ I ,m i ’ b ot - e mom ue ’
u ’ ~’, o ’ o ’  s a l  t o - h i ’  h i g h .  I ) i m o g o o u o a t  ie t o - s i  I s u h m m t o ’ u I  b l u e ’  t ’ nt ttso- too no ‘,o’ume ’r o l i uo oh o ’ iou time’ ~

)u’e’i’i siow
t o t  r m u - n t  040 0 > 0 - 0 - n o  t o o  0 ’ so ‘ o - t i o , n i  e mf t Ime In g o t  i / o - u ’ . ‘F Imi a o h  g o t  i / u - n ’  w oo a expo oso  - o h  t o o  — 10( 0 0) 1” momu o l
( t o o ’  ‘~1 0 ’ ’ - a a 1 0 ’ , o  l o o m ’  ( ‘ [l ( o\ t ’  s in  u ’i  r o k m i  g o’ c ’u , o o ld  h i t ,  - , - no to  so ‘oh ( hue t n , i b o _ o n ’ o - . ‘ l ’ b u o -  t o ’  0u1 pc~ r m u t u  O’ o’ e’v ele ’
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j ) t ’ e) C ’ e ’ss b u n t s  l m o ’ o ’fl c lunoomgi ’ d  am u eh l i m o  ‘ low’ tc - o u u l me ’  ~‘~L ti0n ’ e ’ e ’X b mc ) S ( O i t -  05  im o O W -0 5’~ I” wI ul e ’bu is tiu c-
I c omm pc o’mot  10 n c ’  I i n uui  I o’ -e ’oiuu o um e ’om ehc e l  h o t  I Iii’ sin p~m I I e.’ u’ of I h u i  a 1) 00 ‘1 . ‘h ue ’  d ogi I I zo ‘ r ut ’as u ’ c’ l ) h000 ’ eol
and l- : h h , -\ ,\77 hi 7 o ;o I - m000 2  V t one s  nt e ’c e -b ) la ou ( ’ ( ’  t e s t  o ‘ o b , lou I ) e c ’c - o u u i> e ’  o’ , t- hI~\ :\77 h I — 7 6 0 - l  —003 V
w oos  O ’ O, ’ I 0 0 0 i r o ’ ( l l o t  u ’ i’p l n o c ’ i i m g  no ~l, ’ !i ( ’O ’ ( i i e ) ( b O ’  in  t I m e -  d i g i t i / o ’ r .  ‘ I ’ h m is  o m i s t r u r n u ’ n ( , :uloi ~g w i t lu
,- \ 7 7 h I  - 7 4 1 0 1 -  002h ’ , t o m m e i e m ’ w ’ e ’ o u l  h e m o u g — t e - u ’ o m u  t o - s t i u m g  l o u  i o u s i o o ’ o ’  t i m m o t  t h e ’  / o n - ’ , ’  d oo d o’  l o o t l i u n ’ o -
w i l l  om ot r o ec i on’  n i g n o l  om ut ’h meo m l I m o ’  ous t  u ’ t o n m e ’ o i l s a n ’ e ’ h o l a o _ - e ’ o I  i o u  l I m o ’  s t a t ’  - o o o ,

,- ‘o e ’ t i t ’ i t t  o o o o m h o ’ m ’  hue’  u ’ e ’1 m o j u ’  t~u sL  a b a o o  i t u e ’ l i t d e ’ o l  m’ c ’ I o o u i m ’  rob o b o e - I  o ’ c O u o e ’ S  h - i am ’ o iw ’ o u , ’ o - . .\
c h m m ’ e u m e d o o g ’ic ’a I s l u o i u o u u n o o ’ \  cml ( l i t ’  o ’ I o’e ’ t O ’ e) t i i ( ’ a l’t ’ l ) t t i 0 ’ o o e ’ t i t ’ i t ’ ,’ m o—t g ii ’ o ’ mm i o u  l i m o -  b o u l b u o t ’ ’ i ng

I000 0 ’ tOgO ’ m) b oh - iS .

hum . J e o l t  1 0 4 7 0 ; , t i m e ’  ( ‘ o - r m t m ’ n o l  l ° n ’ em ee ’s s coi’  ( ‘ o m i t  o ( ’ l ’ l i t u n i s  0 0  o o o i o ’ o’ ’ h si x l i o l m u  a , ( i t  t h u s ’ ’
a i x  I n o i h u n ’ o ’a , l ’e m i t o ’  w’o ’ o ’ c ’ t’ o ’ a i o l t s  rot  f o i i l u o ’ e’s rot ’ W ) h l  \ 0 4 0 4 i 7  o l u ’ i i e ’ o a . 0 ) 1 0 0 ’  0 ’ ’ , 1 o i t o o - o h  u o ’ p b a c t ’ —
u m u e ’ n u t  c )t no e ’ lo oc l ~ d o ’ i t ’ o ’ o ’  uo ’h mi c h w o o s  o o e e ’ i e l u - n u t n u l l v  s h m o m ’ t e r b  iou s v s t c ’ m u u  t o - a t , noomol o onu o ’ ut - n o s  ohi o-
t o  m m (‘01(1 ~o id e ’u’  j o i n - m t  o mom t I m i ’  hi I , U . ‘l ’ l mt ’ R OhI A09 1 7 t n t  l i m o - o s w e n t ’  t o ’ o o c t - o i  too  n o e’iua u - ge ’
b u i l d u p  iou lim o’ ’ - ’ -  o i i t 1o ~mt g m o l c -s w h i c h  w o r e ’  l i - f t  t ’ h o n o t i o i g  w ’he ’n u t h e ’  w n , to ’i ’ o’o tt ’ o ’ r e ’  i’ u - tvo ) o ’k e’d tom
iu um jo o ’ c m \ ’ - l I m o ’  O h o e ’ n ’ t m t  0mg u e m l t : o g o ’ o ’ao u g e - . H( )hI ,-\09 1 hia  ‘,‘,‘o- n ’ o’ als o, sco b >ju’ eh tco t h is I ’ , p m ’  o ut ’

l o o u t i ’ n m t  i a l  f a i h c o  O ’ e ’ , s i O m e ’ e ’  t ime - i ’  ui’ e -m ’ o ’ i’c ’We ) t ’ b ee- ( l t o s in g l I m o  - sn uum e. ’ t u ’ o _ ’ I mumi q io o ’ . ‘I I m o  - u i’ cmh oh o’ nu
t u n i s  co o ’n’ o ’c lo ’d lo t  l a h o n ’ i e ’ n i ( i o u g  u - m o-i t -  R ( P o I A 0 I ) l ( s  atm ol  ,- \ OIo l  7a , l o s i n g  tu e-t i’ u u mni sks , uu ’h i c ’bm
O ‘ I i  m m m m l  e 1 t i m e ’  a i o o  -e’i f i c tnt i l i n t ’ , ’ ouu o do ’  iou  t h o -  t I c  - t i e ’ o - .

In  S t ’ p t o ’ o m m b m e ’ r , , o ( ‘P t  l o i i l L u m ’ o ’ was c ’X I ) e ’ o ’ i c ’nce ’d  not ‘ he ’  st s l c ’ o u m  l e v e l w l uich - m t i n t s  t rac e-e l
t o m  t h i t ’  , \ l ’ - do t t o ’s. ‘l ’ h u i s  oo ’ om l o l e ’ n m l  t i n t s  co o’r e ’e’ t i -ol  b > v u - c- i il oo e ’i o m g oIl Ilt o’ :\l~ o l e ’v i e o ’ s  wi t lu
o i o - t  j o e ’ s  e ’o’ u o u t n u i n u i o m g  ( l i t ’  b o b -a t  o l o - s i g n u  e ’ h m m o n g o - s . ‘ I ’ hu o ’ ,- \ 1 t  ol e - i - ic - c ’ p m ’ oh i h o’ nu  is ( l i s e ’u s ae ’( I
I t o  i t  h o o ’ i o u  10 :oo’a  2. 1 — 7,

lou S o - : o l o - u m u l o o ’ o ’ , m , ( ’(’  S No , . 2 b u t I t o ’ i e i  ci u ’ c u i t  was o ’ o ’ h t o n ’ o m t - o b t o o ’  n ’ t i o o o i o ’ . ‘h ’he l’a i h u n ’ e.’
w o o s  t o te - u -o h to no S I  l 2 - ~ h i o u o -  o l n ’ i t c ’ m ’  u t’im i - I m h o o c h  i n n t ( I c ’ ( 1 1 0 0 1 1 0 ’  o ’ t t n ’ u ’ o ’ m i t  b ) u’ e ) t e ’ l ’ t i c ) t m .  (‘on u s e qu e o u t l i ,
t i m o -  oh ’  a t g t m  t o o t s  e ’ h m m m n u g o - o l  to  no S 133’m ’ (110 001—2 NL) l~ lmt ot ’ I’ i ’o’ (e p i ’n l c ’e ) l i e ’ c ’ te ) ) ’ o w i t h  no 1) 1011—u I )
0 ’ ’ - s i a t c o m ’ . ‘ l I m o ’  mmc ii’ l oo t  o ’t s v,’e’ r’ ( ’ o n’ do ’n ’ e ’o’l iou  S t ’ p t e - o u u l o o - n ’  hu t  t o o  - i c ’  n ieo l  t o - c ’ ’ ’  l i ed  u n t i l  lk ’ ce ’mi uh u ‘ m’ .
‘I ’I mc ’  b m o i l o - o l  l o a m - I  woos o ’ o - p ltu ’e’d in l ) e ’ e ’ e ’ o m u h o e ’ o ’  n ot - m ob l i m o -  I m i I o m ’ i o l  uu’n os s n i t i s l m o e ’ t o u ’ i h v  o’ o - t o ’ s b o ’ l .

, \ I a o m  in S o - 1 o t o ’ n u h c - o ’ , a (‘hm uo ’go’ \ mp i i f i e ’ i ’  \ s a o - o m m l o l t  u u ’ mos u ’ e ’ t u n ’ ouo ’ o l I o n  I’i’pa i n ’ e ) f  o m i t
u , b ) u ’n c i  o ’ e - t O i t  omi t I m e ’  h I l U .  ‘l ’hi a ti ’tOS (‘coo - i - c-c - t i-oh lo t  o m d o b i o m n , o , no j i o t u u b m o ’ o ’  ( mom the ’  hi I I~.

In S o ’ b o l e ’ o - i u I > o ’ m ’  ; umm d 0 o e ’ t o h i - m ’ , t w ’ om 0 ’ ’ ‘ 1 o h m o c e ’ m u - m i ’ t u t  sp iom o i ue -u t o m’S  we ’ o’ o ’ l n o l u u ’ i c n u t e ’ o l  too - mel
m u s s o - o m u b o h o ’ o n l . ° onc ’ w oos  o o s o ’ o b  t o o  o - o - j o l n o e ’ e -  t i - i c ’  o uu e mt o r w ’ hi i e b u  uu ’ n o s  a l ) I o m o i ’ o ’ o u t l t  o i a o m - i m o g t ’ o l  e l u m ’ i o m g
i n m s t n i l h a t i o n .  ‘l imo’  o t h m t - n ’  to’as usc-u i [em o’ e ’ l m l o o e ’ c -  a n uu e ) t000’  w ’ l o i e ’ b m  uu ’mus  i n m m o c l v o - u t o ’ o m l  I v  omi  ‘ ‘ u - l i e - n o t  c - o h
o lo n  u ’ i o u g  i m m ( o ’ g o - m u l i o m t >  l i - s i  i o i g .

0 ‘~m tL i 0 ’ o u t  t b  o c t  o’ o nu i e s  ohio  m’i n u g O o ’ 1  oo l  ‘ - n ’  comma i s l e - e l  rot ’ t b - m o ’  b o m h  I ‘w i  01 04 :

, \fu 5 1 - I ’  :1 u t - n os  o’ e ’teorouecl  Ie , o ’  O’ o ’l ) oi i 0 ’ ii ’hc ’mi m u ‘h o t o ’~\ o ’J ’ o ) O1 ’’ e ’ o on o h i t i r o o i  ( 0501 ( 1  nc -ut 1 ) 0 -

nu :o i n t :o i  n i - I .  ‘ l im o’  b oo ’ e ) i ) I o ’ lu )  temo s I s o ) b m o t  o-o l I c > no I n ,  I t o h  Si ’qu o ‘ ou c o ’  o ’ I Iii h o  u ’ i d .  ‘l’ o ’ a o m s i s t o m
( ?I b i : u o l  t a i l ’  o h ~ o i’ e d m n o l o h i ’  fo ’o nu mu o u e - g m o t i u c ’  l u’ ans io’ m i t  onu fin’ c o m h h e ’ c ’ l o o ’  I e ’a( l .  h ) I - o m l o ’ s
h u o o i  o now l m o - o ’ r m  l m h a ( - o ’ d l  iou  o I l  ( ‘e i l h o ’ o ’ I o n ’  h ood s to b om’c ’ u ’ e ’n t s i m u m i l n o r  e m c c u o ’ n c ’ l u e ’ o - s .

, \om 51 - I l ’ 1 ti-as n o  - [U u -ru t -o h t o o ’  i ’e -~oai m ’ uo ’I uo ’n t i - i c ’  ( ‘ h oo ou m u o ‘1 :1 e’o o m l n’ o ) I  010 t h u t  w o o s  boeoom ol
t o o  he. ’ m m s m u w t o m o t h  i m u s ( u  ‘aol , m t  i~ ~~~~~ O’ e ’W OO i e ’ o l in  o ’ in ’ ig time -  b - ic-not  mode’ . ‘ l ’ I m e’  l n u i li u u’i’ u t no n —
i s o i l a t u ’ i i to no 51 0m m \ I o 0 o r o ’  ( oi mt  m o t h  0-i ’  h u u - I m u ’ i o l  wh i c h  ton s s m u h s o - q i o o ’ o m t l v  i’ t - p l ae ’e ’el to
(‘OO’ O’ O ’ ( ’ t  I hu e 1) 0 ’~ h m h 0  ‘ mm - i .
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_ \  [ °R 0 omm oeliol  o ‘ w- m o s  n o - t b  n ’mme ’ d to m - o’o ’p ai m ’ uo ’Iu i cl o m ’ e ’q t o i m’ ( ’oI rc ’ I ) b : o c ’ e ’ oum o ‘cit oh lb no ‘o
hi — 1 0 0 1 0 0  0 ’ ( li i ices . ‘l ime ’  co m ios e ’  el I [l ie ’ t t u i  I i -el Oh ( ’ t ’ iC e S  i 5 Oue) l knoo to’ n .

,\ S1 m i u ’o h lo t om ’  I ° e tt ’c ’ 0 ’ \ m m m j  o h f i  c - u’  I be - a t  S imu k  i\s seuuu i ,u l u ’ woos  m ’ e ’t u  m ’o uc - oi  f o m r  ni ’pai n ’ .
‘l’ m’aum s i a ( e n’ s (~ l 3 n o o m o h  (

~ 1-t s l u e m o ’ t i ’ o I . ‘ I ’ h u o ’ s o ’  f a i l u o ’ o -s n’ o - su i t e . ’ o l  i ou e ) u ’ i ’ o ’ h o e o o h i o m 0 4  ( l ie ) d e ’
(‘ U I , no nuo l  n’ ~ - ,s i at em u’s l~~t2 , U3:l , n o omo b U ! I an uol  (-0010aed mu ‘ o o’c i oi t I i out ’ to o o b)efl,

I ~ow’o ‘ o’ Sen I 0 1) 1 \ I to mo u ’ o I No o _ 1 w’aa cello n ’ni e ’ o l  for i-c-pa i n’ . \ sh em u’t ed  um i o tp to t
t n no i m a i s t e f l ’ , ( ,~1I) , o 2 N o ~ 0 2 2 i  -~ ‘~j o - bo i oo m c l  in - i  ( h o ’  Sw ’ i t ( ’h mi n i g  p o ’ e ’ n ’ o - g  t o l m o t e m o ’ . ‘ l ’ h uo -  c a u s e ’
w o o s  o m o o st l i k o ’ l v  n o o m  e u ’ o ’ n ’ h o n m l i  t oo ’  i o u m m o l v e ’ o ’ t n u n t  sho m ’t  0)0 -i t hu ’  i ou u m ’ c ’ g t i l n u t o  ‘‘ I  ~~ w’~’r e m eo t 0 o io t
I m’ omo i m I ‘ott o ~0 ’ 500 1) 1 oh i I ice 0 0 ’ ’ I No. - 5 2 o om md 3.

Pc m w ’ u - o ’ 5 ,0 1> 1) 1 1 ,\ s so - m m m i ) l v  I t o m n o  u - ohs 2 ounu o l  t )  w o o s  n’e ’( io o’mme ’ oh  w’h ’o o - o u no 2 o o ho ’m u shor t

‘ ‘ t w o  ‘ - mm t l m o -  e . ’ h n o s s i s  n o u m d  ~~~~~~~ g n ’ o uo tu d tt ’ :o s e) b ) ae ,’ nt ’ O ’( l 0mm l i m o ’  s\Sb’n’n . ‘ l ’ bue ’  I o n ’ o I m h e n
w a s  fe u u uo l  to 1)0 ’ d o me - t o o  no sb - mo ) u t  l ) e ’ tw ’ o ’( ’fi t im e  slui o l d  u r m d e ’  r t mooo ’ms i s i c - u n’s  n ot - i d I hue’  cho iss i s .
‘l ’ huo ’  h u t  ti’n i a  m’ e ’ pai i’o ’~l m d m i ( I  i- c - t i m  on ue ’ o l  to i n u ( e - g m ’ a i i o n u .

Il - - pmu i  o’ ol ’ c-I ‘ ‘ c - I  m’ o umi  c-s o hio o ’i ou g No i’e ’n uho i c o n s i s t e d  of lb - ic ’  fo lho i i’ inug :

,\m u S I - t  - Nom . I h i oo lul  c ’ w’a s m’ e’ tu  n’uue d [on’ n-e ’p ai u ’ he -c m o u s e ’  t he  I ) o e le)o )cl s ignal
i u u ( e . - r m i t l e ’ n u t l v  o h m s o o h > b o o ’ a n ’ e ’ o i  ( lio n - in - mg 5’, st e- lu - i  ope r a t i on .  -\ loose - w’i o’ o- , aho iot  0. 25 i o mc ’ i u o ’ s
l e m o i g  was  fem u o no d lcxlge’d i o o u ( lo ’ O ’ t imo’  s lee’ i ’ioug of t h o ’  10 k I I z  h om e ’  w h icb u  fe eds nu oc lu ola t ro r
b > i u u  1 - 0  and c ’ a i i b o o ’ a i i t n u  l i m o ’  oimu 20 . ‘l ime ’ w i  ci, - was i ’eouuo i- e-d au -mel h u e  mc ) d iol c ’  ui’as
0 ’ ’ ‘leo rued t o, , I lie’ s i -s i ’  ‘flu I c - s t  hmo b o o’a ho i i

)n mom SI - I l No. 2 h lod io he ’ , t h u e ’  o u u i o h t i p h e ’xe ’n’ h vboo ’ i d  t a i l e d  eli te -  to I oh m i ’ s ~
_ ’aI

o’l m o m u - m : o g o_ ’ t o 72 ( I h o t o ’ m ’ i s  ( ‘ l - ’ I , ) ) O ,-\ n i l O I t i h ’mle ’ xc ’ O ’  i - hu h > ) .  ( ‘ h u n o o u n o ’ l  -“ l i  on 
~ 2 ij o ’oi - ti’as t im se ’ t l

cm I h - m o -  c h i l I > .  ‘ I ’ bm i s  l o m o b i c a t o  -S h u i g lu l o u b m i u t  e’it 0 - i’ e o u l  l ’lO)w w’lu ic’ iu  ut -as I ) O ’ 01 ) 00 l0 h ,i’ indi oce ’d .
‘l I m o -  7,2 c h i p uu’ oos u’ i ’i ola co ’d te ) o’ o ’ , um o i n ’ ( h o ’  u n u i t .

( O n - i no SI min u  b I o l oo’  I-i ’d o ’ o ) mu ie s  , \ s s c - n u h ~Iv , l ime-  e’i o ’c i o i t  l i n e . ’  t o’otum u ’e - I av N I — UI Ic) 0

\ :0 - I - l — 2 0 ) , 21 a o u c l 22 woos  i> i o uiu o ’d op e ’ou. It woes  foionu d tb -o not  me s h o u t  o - x i e ’ u ’ t u : o l  IC ) ( h u e ’
5 l ) i n u  h l o l o u n ’  l - 1e ’c t n ’ o u u i c a  , \ s s o - m u m h i t  in du ce d lb ’ t’a i l e o o ’ ’’ . ‘l ’luc ’ mos l i o b o -  w- n os  o’c ’pai n - c-oh
mo owh  u ’ o - t i o o ’ n u t ’ o l  te ) t h o ’  Si 5 10 0 1 0  t o - a l  i O ) i o c ) O ’ n O t e ) O ’ \ .

! )o - lo-c’ t i v t fe-o’d t lm o ’o e og ’h e ’e t u n u t - e ’ i  looms ui- t o ’ , ’ f oi o omoi 0 > 0 1  m m ( ‘ h u n o o m g o  ‘ \o uu pl i l ’ i c i’ nosse’nil>lt-
( o ’ f l e m o u  b o r o n o o ’ ( I .  ~Juoo uu I oo’ ra iv o - o - o -  a c i c h o - o l  e.)fl t i m e ’  M I , b ~ t o o ( ‘ o o O ’ O ’ d ’(’I t h i s  I ) i ’ 0 i ) lo ’tu u . ‘I’he (‘hmo o’g o-
,- \ o u u 1 o l i f i c ’ n ’  ( o ’ f ’I enu i m o m o m ’ c l s  u - t o t e ’  i o l t i m o i t o ’ I t’ o’ o ’p I n m o’ o ~-d w i t h  gb no ss e’ioox\ hom oi ’ol s .

Iou I )u - e o ’ o m m l o  o - o ’ , mo ( ’ h - m o o  o ’g u  - ,- \ m m u l m h i f i e - u ’  b m v l o o ’ i o l  w o o s  l e noo u d  t o  I ,  - s t e w ’  u mul e- I i n u i t e - d  ‘In
o u o- ’_,o motit e ’ a bo o t o ’ -a o o w u s i t i v o ’  to m u i ’ g m o l i i o ’  t m ’ m t n s i t i o o u ~ . ‘l Ime’  I m u’I > o ’ i d  t i n t s  e l e ’ h i o k l c - e I  at io l  a ( ‘ a b ) o o c i t e ) m ’
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e)h) ’O (‘c- ut - i t 0 0 c t  Im o ‘I t i c  - , -u m t im e  t o ’ omuus l ’o u ’ uuu 0 - 0 ’  h o  ‘ad 000 u ( I  l i m e  hi 1 1 1  ti-h h e l m ti’as e’aus oi l  hi 0
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SECTION V

TASK 4, AIR FORCE FLIGHT TEST

No ,\ o  m’ l ’ ’oi’ce ’ b l i g h t 1 ° - s t  r e ’ d I i oho’ t - n u u o - o m l s  w o n ’ t ’  i o u c h u o o l c - d  iou P l m m o s o ’  2 11 .
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SECTION VI

TASK 5, SYSTEM M A N A G E M E N T

I I’~\~ K ~~. I, Plfl )( 1 \ M  \ l ; \ N A ( I~~1 l N  1’

l’tl (’ Pu rp( (5(’S of Liii S ta sk \~ ( I ’ & to ~) rOVi  ( Ic p I’ogra 01 ma fl~I gem ent 11(1 i~ ro j ect
engine( ’ r i n g  for I ~ha Se 2 U, con~ b e t fo i’ii1a I a nIl in U) rio a I (Ic si gfl i’eVi ( ‘W S , (b e ve lop i
(let a i led \Vo rk i )rea k (bown s t r u c t u re  ( \V J ~~ and a I tha se 2 U I ‘rogra 01 Plan , a ml 010(1 i fv

s nt’( ( S sz rV the pe r& ;onne I , lila i’ket i ng, f i n a n c i a l , a iid faci  ies p lans  p repa red unde r
Phase 2 .\.

1 . 1 I )c sign Rev iews

~~. 1. 1. 1 Pha se 2;~ Fi nal Fee I v a lu at i on  Design Review Meeting
The Final Fee Evaluation Board Meeting and I)esign Review of the l’hase 2A

contract was held at Autonetics on ti through 8 October 1975. This meeting ~ as pre—
pa red and conducted on Phase 2A funding and is discussed in thi s repo rt since it has
not been previous ly documented in any final report . (The meet ing was conducted after
publication ~of the Phase 2A Final Report. )

The following personnel from organizations other than Autonetics Anahe im
attended this  meeting :

Na me Organizat ion

\1 r. .1. \V. Chin  [SA F’ A FA I.
(‘ap t. R . I .  .Ja nosko I 5A F :~ FA 1~
M r. P. W. Fignor I ~ A F’ A F’A L
Ma i .  U . C. 11 r andt I ’ SA F A I A  I
M r. ( .  F . I l i n i e s  USA F — A S l )  P P M E B
(‘ ap t. ~V. ( .  Peterson [SA L” ‘A F A L .  RWM

Fran Ro ckva m A 1’ l~HO I’\l 1)
.J . W. ( ‘ aldwel l A I’ P R O / P b )
( . . Atkis so n A I’ i ’ R( ) ‘ L’M I)
\ l .  P i dh ay n y  A l’PR ( ) UI l (
U. A . Ilo ltz

L’he agenda for thc b ’ha se 2A F ina l  Fee Fva luation and l) esign Uevi c~v meeting
is p resented below:

Monday ,  ~ ( )ct ober 1975

:1 5 m t  roduction Capt. \V . Peterson
.1. A. Sehwarz

9:1 5 ( ) ye rv Ic w (~ . K • U Unvon

10:15 ( vr o b) cslgn Improvem ent s  Testing II .  1.. Rump
A. (h Gros s
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1 1 : 1 . )  \ ‘a r h )n  I u i i ip  1~’ Ii n~in a h o U  ( ;(~t t V r  \ .  ( ( ‘Fo SS

I :~~~
) SC( () n ( I  So )ur ( ~( Uo tor ~—~ (‘~~ ‘ i t i ~~-~ I I .  I .  I f t o n i p

Su~ pu i’t

I :1 . >  I ( ~— t 1 1;on ing / I ev e l opn ien t a l  F. I ’ . Ui t she r
Ies t i  11 i4

N 5 7 A —  I N~ 7 A — 2  F ’Iig ht  ‘J est I) . W. I lol  noes

I ) a t a  A na ly s i s

1 :00 ~~ 7 A— 2 Fl ight  Test at f l A t ’  U 1) . \V. I lol tow s

‘Fueso J a y .  7 ( k’t ol ot ’ r 1 7:,

Sof tv~’a re I)eve lopi’neiit :‘O .  P. Andr ews

\Icclia ni zat ion ,~ \1odeIi ug A . P. An dr ew s
tn ) J )  rovements

:~~
) Gyro Subassemblies (‘ . C. \Vhang , J r .

J. I” . N l i n chu c h

I I : )  1(1 (;vro Subassenit )Iv Test Station J. I) . Cour t ier

I :3() 4 — Plate GSA Test Results T. F’. Bru sher

1 :30 ~~
— l’late G S A/ M E SG A  Test Results  R . U . flai l

2:1 ~ I) Pt ’ \ len iorv and Interface W. P. Thoennes

4:00 LI e(t ro n ic s  Improvements J. F’. Mi nehu ch
Si mph f ieat ion s ‘l’radeoffs

1:30 Parts Program A. L. Sattler

Weduesda~ . ~ ( )ctoher I 97~

~:00 Cos t of Ownership M . J. l {up ert
F’ . U . h ai l
N . J .  Gihson
I , .  I’;. Johusen
U . A . lIoItz ( M M ( ’ )

11: 3 ))  l)a ta .1. M. Miller

1 :00 Technical Summary G. F. Runv on

( ‘ont ract Ad mini  strati  On

1: 1’ , Cost F. F. Loftus
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2:3)) A d m i n i s t r a t i v e  I .  (‘ . Ren old

:0)0) Sun in i a rv  ‘I. A. Sehw:i r ’,.

6. 1. 1 .2 l’ha se 2 11 Fee I va l ua tion/Design R eview Meeting

‘l’hu M ICRON Phase 211 F’ee I. valu ation/I )esign Review Meeting was held at
.• \uton eti es on 7 through 9 .June 1976 .

‘I’he foIl ov~ ing personnel from organ iz at ions other than Aut onet ics Anahe im
:ott en olc I t h i s  meet ing:

NA~\l F ( ) R GANI ZA’I’ ION

M a t .  Roger C. I i r an ( lt  H\VA/ 1366A
M aj .  I) . F . Culler 4950/PM El i
(‘apt . 11. F. •Jano sko RWA/666A
George I l ime s  4950/ I ’MEB
Ronald L. Ringo
Philip \V. F:ignor HWA/666A
(‘apt . Robert F’. I ~cmon , •I r. A I’L( ’
Lt . (‘ol. .J. A. Pasalevich AF ’PnO/EN
Capt . C. L. Moore AFPB O/EN
Myron Pidh ayny AF PRO/F N
C apt . Ga rv I low e A F PRo
Lt. C arv  LUchl)er s ,~ F PRo
I)r. .b ohn Niemel a Army ECOM
C. A. I” arrcfl A(.~\IC
l)on I lardy AG MC

.1 . II .  Gilmore Rockwell Northeastern I ) i st r ic t  Office
I ~ew ~Jobe Program Management Representative

The agenda for the Phase 211 Fee Evaluation/Design Review Meeting is
presented below:

Monday,  7 June 1976

1:15 Introduction U . I l imes/
Capt . .J :wosko/
J. F. M enzel

2:15 Overview C . F. Runyon
3:15 System Engineering ‘I’ . F. Brasher
4:0() 1’;rror Analysis and Budget A. P. Andrews
4:30 K P M  Sy stem Software .1 . II .  Mitzel
5:00 Test Station Software A. P. Andrew s
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I ’ uesdav , ~~ June  19 76

“ :15 I~1°M Ii. L. Runibold/
II .  K :omei

9: 1 5 INUI’ (‘ . (‘ . \Vhang
9:35 l) at a  Terminal  .1. N. Gayer

10:20 F PM Electronics .1. 1’ . Kl inchu ch
1 1 : 3 ) )  A/ I )  (‘onverter and Spin Motor M( )S .J. I” . Klinchuch
11:15 INU MOS .J~ .Jurison

1:15 l)Pt ’ .1. .Jurison
2:00 f ;MA D. .1. Key
2:30 MI:SG II .  L. Bump
3:15 Getter Gyro A. U . Gross
3:45 Associate Contractor ME SG I” ab/ ’I’esting/Support II .  L. Bump
1:00 ‘I’ cst Equipment

INS Test Station/Test Aids .1. 1). Courtier
CI )U C. L. Lawson

I :30 Part s afl(I Beam Lead Carrier A. L. Sattler

\\ ednesclay, 9 •June 1976

~:15 I)ata 4 . M . Miller
s:30 Cost of Ownership M . 1. Rupert

Acquisition Cost L. F. •Johnsen
Reliability F. R. f la i l

Life  Cycle Cost K . .1. Gibson
10:15 (‘ontract (‘ost I’erformance F. F. Loftus
10:45 Contract Administrat ion L. C. Renoi d
11:00 Summary 4. F. M enzel

1:15 Government Onl y Caucus

6. 1. 1. 3 Informal l)esign Reviews

A tota l of ten (10) informal design reviews were conducted (luring the course
of the Pha se 2B contract. All these design reviews were held at Autonetics .

6 .1 .1 .  3.1 1”irst Informal Desi gn Review. ‘l’he fi rst i nfo rmal design review was
held on IM through 20 August 1975. Personnel in attendance from organizations other
than Autoneties were Capt. W. I’eterson and Mr. 1). Pieva , both of AF ’AL. The
agenda for this design review was as follows:

Monday, 18 August 1975

:00 Autoneti cs Organizat ion J. A. Schwai’z
A. P. Truban
C. I~. Runvon

1 :30 I l i gh  Accura cy MICRO N C. W. Sargent

2:00 Rotated N5 7A for I lo h loma n l” light C. F. Runy on
Tests
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2:15 Pa rt s Program Sta tus  ‘Plans / A. L. Sa t t le r
Approach

3:30 Na~~ ES( Progra to i s  I I .  .J. Engeb retson

1 :% () Phase 2 Ii Budgets J. A. Schwao”,,
F’ . F . Loftus

4 :1 5  Accelerated ( F\ ’ 76 a nd 77 4 . A. Schwai’z
Expendi tures  A. P. Tru h an

F’ . F;. Loftus

Tues ( Lov , 19 August 1975

~: 15 Electronics I )esign Status . J .  I” . Kl in chuch
Plans/A pp roac h

9:45 Accelerometer Vendor A. P. Truhan
Discussions

10:15 Autonetics E~ 1A Status/Plans, ’ I) . J. Key
App roac Ii

11:00 Reaction ‘I’i me J .  C. Pinson
I) . 1’. l” riest

1:30 ME SG Status Plans/Approa ch I I .  L. Bump
J. C. Iiolt ing house

2:30 MESG Lab Tour J . C. R oltinghouse
II.  L. h ump
A. U . Gross

3 :15 Getter Status Plans A pproach A . U . Gross
Lab Tour I f .  L. Ru nip

J. C. Iio lt inghouse

1 :00 Cost of Ow nership Team M. J. Rupe rt
Status - Plans Approach L. F. Johnsen

N . J .  Gib son
F’. U . h all
I i .  A. II o l t z  ( M M C )

\Vedncsclay, 20 August 1975

8:15 (‘ ost of Ow nership ((‘ ont)

9:00 DP I Status/Plans/Approach W. P. Thoenn es
A. P. Truban

10:00 N77 Status/Plans/Approach A. P. Truban

239 

._________ ,- -.- ~~~~~-~~~~~~~~~ -~~- - - 
_~~~~~~~ 0



10:30 M I(’ II ( )N I i l l )  ‘I’ou i~ ( ; . K .  Ru nvon

11:00 F P M Svste no Design U . I. . I lun obold

I . I . 3 .  2 Second I n f o r m a l  f) e s ign  Review.  ‘I ’he second i n fo rn o ah  design
review was held on 10 October 1975. Personnel in  at tendance from organizations
other tha n Autone t i c s  were Mi’ . U .  I i i  nies , Maj . U . I i r ano h t , Capt . W .  Peterson,
(‘ apt. H . .I a nosko , Mr. .J . Chin , and Mr . P. Kigno r , all of AFA L and Mr . M. Pidh ayny
of AF ’P RO . The agenda for this design review was as follows:

8:15 Overview Schedule U . K . Runvon

8 :25 System Engineering 1’ . I” . Ii rash er

9:00 Software  and Analy sis  A. P. Andrews

9:30 ESG Fab r i cat ion i’our h i .  L. Rump
J.  Rolti nghouse

10:45 DPI W. Thoennes

11:15 Electronics l)esign J. F’ . K l in c h u ch

1:00 EMt\  Technology and Lab Tour I) . J . Ne

2:00 (‘ ost of Ownersh ip  M . J. Ruper t
I” . H . f la i l
I I .  .\ .  I l o l t z  ( M M C )
I. . Johnsen
N . J .  Gibson

3:00 Need F’i rm F PM A. P. ‘l’rub an
R equirements l) efinition

1:00 .\HC R( )N I ~ah ‘l’ou r A . P. Truh an

6 . 1 . 1 . 3 . 3  Third Informal  1)esign Review. ‘l’he third informal design review
was held on 9 throug h 1 1 December 1975. Personnel in attendance from organizations
other than Autoneti cs were Maj . U. Bra ndt , Maj . Raroha , Capt . W. Peterson ,
( ‘ apt. U. Janosko , and M r. P. Fignor all of A I ” AL and M r . M. Pidhavnv of A1”PflO.
The agenda for this design 1’( V ie W was as follows :

Tuesday , 9 Decemb er 1975

~ :30 Phase 2 11 Overview U. I~. Runyon
9:00 System Specification ‘1’ . 1” . Brusher
9:30 I N L Specification T. I” . Br usher

10:30 I N I . Packaging C. C. Whan g
11 :30 IN BI ’ C .C .  Whang

1:00 DP I Specification P. W. Il i nman
1 :3() I ) Pt Memory l~. W. Ii i  nman
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I~i’~’I i i o i i i i : i r v  I i’i’oi l1i l~~ t ;\. I ’ . \ iod t ’e ~vs
2 :  I . Sel f ( ‘ au  I~ ’ : i t i oo i  ~h ve h :a n i ,at  j o l t  .1 - ( ‘ . \V ,i a t ’

; ( t l ( l - ~~~~ .\ .  ; . ~~~~~~~
I I  - I , .  I~u z o i j o
‘ I .  (‘ . I’ ~() I t i  ngh ou&o ’

\V dn s( i a\ . 1) ) I ) c mE i’ 1975

: I .  I ‘a rt s St a n oi ar ( h i  / a t i o n  A. I. . Sat t i e r
Re am Lead (‘ a r t i e r  A.  I. . Sat t l e t ’

9 : 0 0  E lect rum (‘5 4 .  I .  NI i il( hU(’h

1) .  4.  K e y

1 1 : 1  5 I’ ~I .\ I .ah l’ou i’ I ) .  4 .  Key
I :00 R i n g  I .asei’ Gyro h )c~ cl o piooen t  I I .  J .  I ;ngebre t son

f ) ~ 1,. A nthon y
S. U.  Shutt

3 :15 U I ,U l a b  ‘h’ oui ’ P. 1.. A i itho u v
:1 :- I S Pha se 211 Cost Stat us P lan  1” K.  I .o ftus

Thu o’s lav , l l ft ce ml ) r 1975

“ :15 M I (‘ I ( (  )N l ’ u tu i ’e  Planni ng ‘I’ . K . Shu ler
U . W .  Sa rgent
4 . A . Schwai’ -,.

N 77 INS Status Review 4. 1’. C h a p m a n
10: I S \ r n i v h i g h Ace ura cv M ICRON . 1 .  A .  Sehwarz

Statu s
11:00 I )i scuss 02 H “I R& - I ) I l ar d w a  re 4 . ‘1’ . ( ‘h apman

I n t er c h a n g e a b i l i t y
:0 4 )  I se of NS 7~\ for Nav y  I ( ad : t i -  \V. R. Knigh t

S t a b i l i z a t i o n  I) eni o
2 :00 I u g h  ,-\ ec ’ u rac~’ I )evel o f ) m e n t  A .  P. ‘l’ r u h a n

I ’ t’o o.~ i’:i too to I ’r oduct i  on an( 1 .1. A. Schwa ri
I Ia r( Ien i ug ‘l’he reof P. V . .Ioe

,J. I” . K l i n c h u r h
5:00 A f- ’ .\ I - ‘.\ I- !‘R( ) (( ;ov ’t onl~ t i t t g )  Capt  ~V. Pe terson

\ h.  Pid h a v n v
I :0 () M obil  E v a l u a t i o n  1,ab Ava t  lah i  Ii Iv .1. 1’ . (‘h a p n o a u

t o t  N7 7 ‘I ’esti ng i n  .) uue Ju ly  1976 .\ . P. ‘I ’ r uh an

6. 1 , I , 3 . -1 I’ ou rth In fo rmal  I )esign Review - The foti r th i n formal  design r evi  (‘W
wa s held on 10 th t ’

~
’g~~ 12 Februa rv 1976. ‘Pi Th ’bnne l i n  at tend a nec f rom oir g au t  za t i  Oils

othe r t h a n  Autouc t i  (‘5 were (‘ apt. W . Peterson and Mr.  P. l’3 gnu! ’ of A F’ A I .
Mr .  U , (‘ lodfe l t e r of .-\( ‘ 

, M r.  .J . Nien ie l a  and Mr .  H. ( ‘lark of t SA/ E ( ’ OM.
Mr.  U. I loltz and Mr.  U . f l u  i ’rows of M MC , Capt .  Moore and Mr .  J . (‘aldwell of
A I Pl l (  ), a ti ( i Mr .  J . ( ;i I more of RI N.  F .  I ) i s t r i e t  ( )ffi cc ,  ‘l’he agenda for  th is  design
r’ evie w was as follows:
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I to -s lav , 10 1- ’ eh i ’u ar v 197~;

~ :5)) ( ) i’~ a ii i i a )  i oil . 1 .  A .  Sr I a~ a

~~- 1 5  02 H (~~-c i ’v iew U . i: . H o l i l t O ( i

9 :1-5 I N I  Pai’Lag i tog ( , ( . V. hang

9: I N H I  C . ( .  \~ h ang

10:15 l ) l ’ (  . 1. .hu r i  son

I I  :00 I ’:lect ron i (‘5 ,J . I - . h’~I n c h u r h

1 : 1 5  Pa rts “ I l ean i  Lead (‘a r r i u r  .- \ .  I I .  Fan,oi

1:15 M I- ;SU I I .  I. . R u m p

2 :5 ) )  ( ~ ‘t t e i ’  Gyro .-\ . M . N i nan

5 : 15 E M A  I ) .  4 . Key

5 : 1 5  M I X  J . N .  Gaye r

\Vt dncsday, 11 F~’b r u ai’v 1976

\ e l o c it v  Accuracy  A. P. An drews

9 :1 .5  Softwa i’e A. P. .-\ ndt ’ews

9 : 1 . 5  N7  7 and N77 U Sta tus  4 . ‘1’ . Chapm an

10:-IS h a  rdc ned I !ig h .-\c cu i ’acv MI C R( )N P. V. Joe

1:1 5 Phase 2 II Cost Status Plan I ’ . F . l.o tt  us

1:50 R — 52 R h ” l U. J .  (‘an op us

2: t O )  S tandard Na y Spec I I .  4. Engeb ret ~ II

M. J. I (up er t

:~ :())) (‘ost of ’ (iwn ershi  p \ I .  .3 . Hup ert
I . .  I : .  J ohnseu
F . H . f l a I l
K. J .  Gibson

1:00 M a rt i 11— Marietta U . I loll , .
Re l i a b i l i t y  Presentation

4: 3 ))  N 77 I lolloman Support Plai t J .  ‘1’ . ( ‘h apnt a ii
‘I’ . I” . l lr ashe r

2-1 2
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Flin rsdav ) 12 I- ’eh ru a i -y I 976

Na~ v I-~S( l o u t ’ I I .  . 1 .  I’ ;n g(•h r ( ’t son

9 : 1.5 \ I f ( ’ I I (  ) \  S\ —, t em  J , : th I n u r  I .  I - . R i ’ a sh er

1 0 : 0) . ) \ I (  ) S ’ l l v h r i d  ]‘oui r  .1 . I - ’ . S ’ x I ~~r o

I I s  I l i t o g  l aser ( vru  h l i ’ i e f i  tog I I .  4 . I - iig ’Hi’e t sui i

2 :0) 1 M I- :S( I - a c t o r ~- ‘Four .3 . (‘ . H o l t i  ng hou se

2:3))  E M A  1,ah ‘l’ou u ’ I ) .  ‘I . I ’.~’~

6 . 1 .  1 . 3 . S  I- ’i f th  I n f o r m a l  I)esign Review . ih e  f i f t h  i n f o r i t i a l  des ign rev iew v~:is
held on .5 th rough  -~ A pri l 1976 . Per~~ iliii’ i i ~Th tte ’n dan Cc f r o n t  ur gan i  i a t i u io s  o ther
t h a n  \u tonet i c s  were (‘apt . IL .J a nosko. M r.  P . l’1gnor , and ~~l r . 1) . P leva of .\ I”A 1.
and 1. ) . . 1 ‘ ol - 4.  I ’ asa levi  ch . (‘ap t. ( ‘ - Moore . an ( l  ~I t’. ~J . ( ‘ aldwel I of A I” I~IU ). ‘I’ he
agenda for  I hi de s ign  review was as fol lows:

Monday , 5 A p r i l  1976

1 :00 .-\i r Fo rce (‘auc us

2 :0))  h igh Accuracy Schedule K .  M en iel

2: 15 I ’ — I F  Study .\ pp roa ch (‘ . I lo iiio l ka

S :15 No n — ( ’ ont r act  A e t i  vi tv ( )vei’vieW F . Menz el

5 : 2 ) )  11—52 h I l l  Sum m ary  ( . Ca uio ~ )os

: 1 : - I S  N 7 7 , N 7 7 I 1  & I l ~~,\I “2 Sta tus  -1 . ( ‘h a p i o t a n

1: 15 Rota t ed ~; P \I Pac kaging ( - 
- W h i  tog

Tuesday , 6 A iwil 1976

Gyro  I- ’ac torv 4 . blo l t i n g hou se

9 :15 Syst em l,ah ‘I’ou i ’ ‘I ’ . l lr a sh e r

9:- I S I’ MA I ah ‘l’our  I) .  Kc~

10:30 F ~I .-\ I ) . Key

11:00 ( ; ctt ( ’ r ( v  t’o .\. U ross

1:15 I t S  Sunom ~i i~~ 
Schwai’~.
Ch :ipnl: in

24: 3

_______________ - . — - ~ - - -- .~ ‘



1:  I.  h’ .ii ’ t s I Ie ; i i o i  I ,(. ad ( ‘ ,t i ’ r i e i ’  \ .  I- ’a iozo j

N 77  :uul  \ 7 7 3 1  Suft ’.v:t i ’ ’ ( . i \ t o i l r p ~~s

I l o l a l i o n  I e C I t i i i ( a l  l ) i s ’ i i s s i u o  ‘I .  P ins on

1:00 1I1 ’-. I )  (‘oii t r ael  I I :ui ’dw:ire  I - . Ilen old
liii ~ ‘ r ( ’h la nge a )  i Ii lv

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

‘-‘ :S))  Svstc iii S( ’IiedtiIe ( 03)) . ions

1 : 1 5  0231 ( )ver v iew ( . I l u n v o n

IS M I I I  S ta tus  ‘I ’ . I I r :os h ei ’

2:0 1) Int eg i’ati on Support f ’lan I I ras he i’
Ku Ii ( ’ Ii U ( ’h

2:1 5 IN I - P:uck agi ng C. \ \h a ng

2: - I S [NI h  (‘ . \Vh an g

3: 15 1) Pt ‘I. Ji,W1 son

I lt ’ct i’oili ~~ . I\ 1 i i i ( h t i ( ’h

1:1 S 02 11 ‘les t I ’:qtii pin e nt 4 . (‘on r t i e r

Thurs d~~~~~~~jo’il 1976

~ :30 (12 11 Cost Status I- ’. 1,o ft us

9: 1 5 ( o s  I of ( )W Uers hi 3) \ I . f lup er t
I .  John sen

1” . 11. h aI l
K .  (~iI) son

h o :  1.5 .\Ia r t i n —  M ai’ iet t a  U e h i a h i l i f ~ H . lio l l , .
P resentat i on

10:3 0 M Es( ; l~. Bump

1 1 :00 l’ , \ I • \  1) . Key

1 1  : 10 ~l ( N I ” . (~ulde

24 1



/

\ e lue i t ~ . \ o - - t i i ’ : i e \  .-\ .  \ n r h i - -v~
1 : 1 ) )  i’ f ’\ l  Sof tw ; i i ’ r  A . . \ u a l r ’w s

2 : ) ) ) )  I )o3~ ;~~I ( ’ t ’  . \ o k’ l I - l i g h t  I 1 s f  .\ - \ uod i ’ ew s
( ost  5 ’he d u i l t

1 : 2 ) . )  P I ) l ~l I ~~U i11 J ) t 1 t ( ’ i ’  i i i  Bus 3 ) .  P lev a

1:- I S  Bus Schedules  .J. ( ‘ h : u p i u a n

S t a n d a r d  N a y  Spec Euig ’ h t - - I s u u i
Ru  ji et ’ t

IS S u n o t o u : t r v  .J . Sehwai ’z
I :5 ) .) -\ i  r I ’oree Recap (‘ap t . .J atoo sko

ii . 1 • 1 . :1. 6 Sixt h In fo rma l  Design R ev i ew.  ‘I’hi e Si xth in fo rma l  design review
wa s he l d on 10 -June  19 76 . P ersonnel in a tte nd :tnc (- fro m o rgani intions oth er th an
;\Uto ll( ’ti CS we re: \ la  j . lIi ’andt , (‘ apt. ,Jt inosko , II. Bi ngo , and P. F ignor of ,-\ I - ,-\ I ;

\I a i .  ( ‘ u ller  and ( . l i m es of AS I ) ;  Capt i,emon of A I- [C; (‘ apt. Moo re and
\I .  I ’idh :ivnv  of A l - l ’ f I (  ) ; and ( . l-: i rr ( -1l  and I) . h h a r d v of .-\G\1 ( ’. ‘I ’here wi re no
formal  ag(-nd a for th i s  design review.

1 . 1 . 5 . 7  Sev enth  I n f o rma l  I ) e s ign  f l e v i e .~~ l ’he st’~~-n th i r i f u r m ; t l  u t - s i g n  r ev i e w
w a -s he ld  on 1:1 and  1 1  - h o l y  1 ) 7 6 . ( a p t . H. I . - J : i n ns k o  .\ I”A Is  and M . P i d h a v ny
u:\ F I ’ i O  \\ t ’ re in a t t endance  a t  t h i s  t i o u t t i n g .  i ’he a g - i o l:u t o t ’  t h i s  mee t ing  was  as
I , l i ’~ \~ 5

l’ io - s ’ I : i ~’, 1:1 - Ju ly l97 o

I :i 1~~ Sehoe du le B ’v i ’~ ( . I . I l t i n v o n

: 15  I n t e g r a t i o n  l’e s t i m ~ 1’. I- . lh ra sh et ’

2 : I S  \ l l l l ’  l . - \ J  C .  1 ’ . \Vh a n g

2 : 5 5  I ) I ’ I  - - I .  - I n t ’ l  son

:~~- ( ‘os t He r ’fS i ’no:i ru t ’  I- ’ . I - • I ,u th i s

5:30 S n f l ~v : i r -  -I . I I .  \ l i t ,~ l

: 1 : 5))  \ l a g i t t - t i u -  S 4 ’ i O s i t t ’ I t \  l u s t  R e s u l t s  A .  P. .-\ ndrews

1:2 (0 \ I I - .S( I I .  L. R ump

I: 10 ( et le t’ v t’o A.  I ; . ( ;r ~ ss

2-IS

_ _  --



\Vt h u o - ~~i I : u v ~~~l l l t i I v l ’.)7
~

“ : I i  l ’ ul A I ) . -I . I- ~( \ ’

— :  IS I - :I - - t i ’o t l i( ’s  - J .  I - . l’- 1 1 i 1 u ’ h u c h

) : 1S ( ‘ ol. / i c i ’n iek i B r i e f i t o g

1 :1-5 I _ a l t  I l - s t  I ) i s e u s s i o n  - J a n o sk o ’ H u o n v o u i  U r : t s h e r

1 :25  I ‘T~o ’ r l m  Sch edule s/h Iol loma n I )elivct ’v -J : in osko / \ I enze l /  Run y on

6 . 1 . 1 . 2 . I - : i gh t h  I n f o r m a l  l ) e s ign  I h e v i e w .  The e i g h t h  i n f o r m a l  design r evi ew
\ \ : i S  he ld  on I I  . \ u t g u s t  1976 . (‘ap t .  I I .  - l a n l o s k u )  a n d  M i - . P. I igno r  ( ii  .- \ I A I  a nd
\ I r .  M . P i d h a vn v  f ront  .~~f- ’P f I (  I \ \ e i ’(’ in a t t e n d a n c e  a t th i s  m e et i n g .  l’he a gen d a  t ot’
th i s  m eet i ng ~~ s u s  fo l low s :

“ : 15 Schedule vervie~v U. V. R un y on

:-I S I n) (‘grat ion l est in g ‘I’ . I-’. lhr a sher

9: 15 l ) P t  -I.  -J ur ison

:9) R o t a t e ! M I I I  - - l. -\1 ( -
• C’. Whang

9: IS I i  (‘L’t ron i t s  J I - ’ . Kl in chuc h

10:15 Softwai’e - I .  I I .  ~u 1i t ’~e1

i f ) :  SI ) M 1:51 ; .J. Bolt inghouse

1( 0: - IS (‘ost of ( )wn ci’ sh i P

I ~ro~ Iuci hi ! it ~ I ~. l- . -J ohio sen
R el iab i l i t y  1-’. II. I lall

11: 15 ‘tl:t r t i i i — \l :tri ctt :i  II . . \.  I b i t

1 : 1 S  l - : M. \  I ) . - J .  Key

I :30 Contract  (‘ ost Per form .incc F’ . l - . I ‘oft us

1:  IS St andard  N a y  Spec/K PM I) i ffer en ees -I . A. Schwa ri

2 : I S  K h ’ M  Ownership Swap L. C. lhenoi d

2:30 (‘ont r act Proposal 1) 1 scussion Menzel / I l un on

:1 :15  System Lab ‘ I ’ . 1- ’ . lhr ashei ’

2-16

a-
_ _ _ _ _ _ _  _ _ _ _ _ _ _  - ~~—~~~~~~~~~-~- —.



1. 1 . 2 . 9 N i n t h  I n f o r u u : i I  I ) es i~~n R e v i e w . T h e  nint h  inf o r rii:t l  design r ev i e w
\~:t s  htt l u l  ott 21 ( u t ’t o , I i o ’ r  I 9 7 t ; . I ’eo’so n ioel in :ut te nd :in ce  f r on t  ot ’ g :u n i i : i t i u n s  oth er th a n
.- \ t i t u n eti - s we re : M a t .  I h a i ’ ob :i , M a l .  I I r : ind t , (‘ ap t .  - l a nusko , and M i ’ . I > . h - i g nor  of
.\ I - A l  Mi ’ . U . I e ~ i ”  of , \ S l ) ;  a nd Mr .  M. P i d h : iv ny  of \ I - P I I (  0 . ‘I ’bo e ;ig( flda fo r t h i s
m e e t i n g  \ \ : u  s as fo l lnw ’~:

“ : 1 5 I I i  log l , : u  5 ( ’  ~
‘ ( y i’() I I .  I I  l’:ngcbre t son

“ : 15 Schoe du l e )vei ’v iew ( I- PM 1 and 2) U.  I .  I l uny on

9: I S In t eg ra t i on  0 ( ‘s t ing ‘I ’ . I” . Br usher

9:-IS 1 ) 1> 1 .b~ ~~~~~~~

10: 10 1-lect ron ies I.  I” . Icl in cho u ch

10: 1) ) Soft~~:ir e - I . lb .  M i l d

10:30 M ESG I I .  I~ Bump

l)) :-l0 Getter Gyro A. U . G ross

10 :S))  EM A K . K• .J i n

1:00 Mar t in— M arie t ta  Ileliability II. A. Il oIt z

1:00 Van ‘I ’ our U . B. (‘lark

1:30 Svs t en o  L ab ) ‘I ’ . I- ’ . I l r :i sh er

l : S))  ( ‘ontr a (‘t ( ‘os t I ‘e r Iot  n b a  flee I” . V .  1~o ft ti s

~:0S P r e— P r o d u c t i o n  I ’ r odu ct i un  I ’I ann ing  -I .  A . Sehw: i r z

2:2 1) P roposal I ) i scus s ion -J. F . M an z el  L. (‘ . lhe no ld
V .  h l unvo n

t ; . I . 1 . :t . 10 I’enth Info t ’i io:i I I e sign hli ’~ I es~ . I ’boe tenth i n f o r m a l  design i’ev ie w
was  11( 1( 1 on 1 I a lit I 1 5 f) e c en ibx  o~ 1976 . h ’ e r sonn el in a tt enda iit’t’ f rom () t ’g ;I  ni ,a tions
o ) t h (  r t h a t u  Aut on t ’t  it ’s  we r’e : ( ‘ a pt . .Ja no sko a ntl  M i ’ . I ’ . F ignor of A l” .-\ I - ; ~l r . U . I ,&‘Wi 5

of A S! ) ;  a nd Mr .  M. l ’i u lh : i v nv  of A h ” I ’h I (  ) . ‘Fh~’ agenda f o r  th i s  m eet i n g  was as follows:

I uesday , 1-I  I )eceioi I a ’i ’ 197 6

1:1S l’ropos:tl I ) i scussion A-I l

Wednesday, 15 I )eeeniher 1976

s : I  5 Schedule ( O v e r v i e w  u :P M  I & 2 ) U . V. Ih unyon

:SS Integration Test ing ‘ I .  F’ . hh rasher

247
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9 :015 I ) a t : t  IIe~- i e w -\ . P . Ar u f r ews

~) : I S  Sofl~v :ii ’c -I.  I I .  \ I i t z e l

10: 15 l ) I ~U -I .  - lu r i so n

1) 0 :25 E l ect ron i c s  -I . I - ’ . Fl inchi u cb i

1) 0 : - IS  \l I- 5G I I .  I~. R u m p

1) ) :S S  h - : M \  I ) . • 1~ Nc

1 1 : 1 ) )  ‘uT: i r t  in M :ur i  eRa Ih e i iah i l i t y  11. A. I b i t

11:3 1)  (‘ o u t  r’act (‘ osi Perf ormance  1- ’ . V. Loftus

; . 1 . 2 Progra iii P lans

i’hie’ MIC 11). uN Phvu st 211 S’ o’ogra m Plan \ V 1  S completed and submitte( 1 to A VA I - i n
Septe mher  1975 . This  pl: n cove red the work e f for t s  as  well  s a t e chn ica l  desc r ip t ion
and s -h e du l e  of events  suppor t ing  th e Phase’ 2 11 f)r ogr :t in .

I’ It e pt i’sonnel , ma rket i ng,  f ina fl~~~ t 1 , :: nd fuel  1 i t ies  pla ns pr epa r in I in I ‘ha se’ 2A
we re rev iewed  a n t i  i t  WaS (h e t e r m i n e d  tha t  these  p lans  we re genera l ly  di reedy app li cable
to Pha S - 21 1 . l’he rebo re , 110 speci t ic  update  \\ a s ma de si nec the ’ ssociu ted costs did
not :I;)peu r to he wa rr :inted .

0 . 1 , 3 \Vo rk II r eak down St r r u - t u r e

.-\ t h e t a  i l ’d work bre akdown s t ruc ture  was p r epa I’( ( b  a nd submi t t ed  (on 2” August
1975 aS  ( ‘ l ) I (  I t t - i l l  \003.

6. 2 TASK 5.2 , ASSOCIAT EI )  CONTRACT O R SIJPPOII T

‘l’he pu rpose of this wash was to supp ort the second sou rce for Ml - 5G rotors and
cavities and the non—destructibl e roto r and cavity effort , and provide office spac e and
data to the reliability associate contractor ’s representative.

6. 2. 1 Drawings and Specificati ons

Ear ls- in I ’hase 2 11, two revised drawings and three revised specifications were
fo rwa rded to Northrop and (‘51) 1. via A F’A I~. These- were revisions to documents
suhmi tt cu (lu ri ng Phase 2A . l) r awing 12699 —: Io2 (ca~’it .y was revised to add Megger
test requirement s between cavit y plates . 1) r awing i2 5 o4— :3o 2 (r otor ) was revised to
in crea se major and nu in o i ’ dia meters (for snoal l gap MK SG configurat ion ) .  Specifica-
tions A A u ’i 0 9 — 0 0 9  (Deposition of an Electrical Nlckel—I ’ho sph orou s Plating ) and
S’I ’ 0 1 1 5  A A00 10 (M achin e  l’a rts: Tolerances , Surface El n ish and Standard Configura-
t ions )  were revised to reflect minor  process changes and the Ibo ost re cent rotor
configuration.  The rotor fabr icati orl specification (A 170030 ) was revised to more
c l e a r ly  define roto l’ fab i’ieation operations and oi’ procedures , to incorporate the
larger rotor size , and to revi se operations to reduce flow time. Flow time was
reduced h removing the 0. 00005() lap operation between the 900° F’ oven hake and the
Ic mpe ratu re eve! c thereb y making two cleaning and handlI ng opei’ati ons unnecessary.
‘I’he removed 0.000050 lap operation is now included in the fi nal roug h lap operation.
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I ) r awi ngs , speci ii ( ‘a ll out s , and m a n u a l s  (Iese n ihi ng the \uton et i  rs owned Auto —
I f l a t i c (‘avi t v ;r i ndei ’ . were suhm i  tte (i oil 9 l”e ’hruai ’v 197S as (‘ l) I ( L Item A 0 ( JI I  . ‘I ’he
( lo dIllbten t s accon opan v i  ng the d i’awi ngs consisted of the procti i’euii en t spe c i f i c a t ion
whi cli was used lot ’ design er i t e r ia  for t he cavit  gil ty ler (designed and fabr ica ted  by
I ‘neu 1110— I’ reci si on I ‘rod uet s , Inc . a rid the  ma in t enance  and oper at ing ni anu a Is.

6 , 2 . 2 \ ssos -i  ate (‘oat r adto r ’  V i s i t s  to -\utoneti  cs

Seve ral v is it s  to ,-\utonet ies were made by the associate contractors. i’h’i e
more significant v i s i t s  are discussed in the following paragraphs.

2 2 . 1 ( ‘S I ) l .  V i s i t  (2 I)c ceniber 1975)

Mi ’ . Ken Tay lor  of ( ‘harles Stark I)r’aper Laboratories , CoR fel’rcd w i t h
Messrs  - Joe llolti nghouse , Pete Rump,  Al Ilenussi , a nti .-\l Gross, of Autoneti c s ,
o n - I )ecen iher 1975 . The subject was destruct ion— i ’esistant mater ia ls  for h - 5~electrodes. ‘I’he topics discussed were as follows:

1. ‘l ’he s ignificance of the a rgon content of sputte r ’— depo sited coatings.
It was agreed that  th i s  must  he evaluated in  an ESU

2. The acceptable level of n oagneti  c suscep ti hi Ii lv Was di seusse(l .  ( )t he r’
t han  / e no , A utone tics (hoes n ’ t know whe r’c the acceptable to una cc eb )t ab ) l  e
va lue l i t - s  - I t  was agreed , howeve r , th a t (~Sl) L and Auto n eti cs should
1)0 th lo te asure  the  same selected speci noens to get the scale factor’
between th e i r ’  respecti VC I e s t s.

S - It was ag nec I that  the scotch tape test  fo t ’ adhesion ~ as the hcst  repe t i t ive
test and tha t  a s ut ah  I r iumbet ’ of epo’~\ —I ) o nde (b cleavage tests arc usefu l .

-1 . The requi r e  n i e n t s  for ’ suhst  r ate s ot r ’lace g( ’onbet r~- a nd i i  n i sh  ‘.~ e i ’o’
iii SctlS5C( l .

S. ‘l’he cleg i’ee to wh i cli the elect r’i cal ( -o ) n ( lu ( ‘ti vi  tv  of the  ( ‘lee) i’ode r o t a te  ii :t I
is  i n i p o n t a n t  was reviewed,

6. The P ,‘oced ui’es and sequences for the m achi ni ng ami d I ~t l ) I ) i  I1~~ Of cay i t v
surfaces were u ’evi ewed . ~1 r ’ - Tay lor’ ‘~ as gi Ve il U t ie t a i  hi ’ i I sli oj > t ( ) U r ’ -

7 .  ‘h ’ he ~-a r ious ( -an didat e coating m ate ml als f ron t  both .-\ utont ’ t i r s  and (‘Sl) l -
investigations were discussed . None of the ci i i ’rent l~ - i ( l e I I t i  fied ( ‘andid~,t es
could be d isquali  l ied on an ‘‘ a pni o r ’i ’ ’ basis -

2 .  2. 2 N o r t h r o p  V i s i t  S throug h IS Janu a r ’y 1 976)

Nor th rop  personnel were at .-\utoneti es f ron t  S ,i anu :t r ’v 1976 through 1 5 . J anu arv
I 976. The purpose of the v i s i t  was:  I )  coeval ua te  ES( ; pa r t s  which  North r op had
pro(’essed : and 2 ) to ccvi ew , in detail.  ES( fah i’i ca t ion .  asse mhl v ,  a rid l ) r ef tmn ( ’t i  01151
test processes and techniques. The effort relat ed to the ESUM program and the
MJ ( ’IIO N program. The follow ing paragraphs document  the ac t iv i t ~ of the two week
pe r ’iod to update th ose (‘oneer ’ned :is to the full  scope of N or ’throp ac t iv i ty  and current
capabi Ii lv  -
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I n su m t i n i a t ’ v  , Messrs . I l i I l  Mer ’r i t t  . 1 101) \ Ve s tha ve r ’ . N et ,  Mi lo a rtd P ;iu l  Ri h:t r ’dson
\\ cr c at .\ ut onet it ’s for a lmost  tw o weeks. I Ia r dware,  wh ich  was brou ght  for ’ (°,‘a lUat  ion
I iic lti (I€ ’d two sets  of rotor’ s and cavi t ie s  which  Non t ht’ op had fa l ) I ’ i  cate ol ft - omit  th ei t ’ own
Pu r ’c ha s(’(I i- a ’~ r o t a t e  t’ i UI ( Ml (‘ H ( )N ) an d two preass e nobled 51)1 mine r’s ES( ; M wh I cli
North r’op had fabricated fro nt piece pa r’t s :t s supp lied b .-\ utontics . The c a v i t i e s  were
t’ea Iv for’ p I at i rig a ad a ii e xt  ru d -( I r oto i’ bar was ~ rovi ded f or -  m’o to n fa br i cat ion by
N o r t h r o p .  ( ~he m ’ ha rdwa ne ’ fabr’ ica t ed  by Nor th  r’op and b rought for c~’al ua t ion In c luded
a stai nless steel ca\ i lv  master .  A I t e (  ) c av i ty  mas ter ,  a uioc c h a ni e ah cav i t y  a l i g n m e n t
too l,  a ad ‘‘ ‘ ml t og fo rn o i  tog f ix t t i  i- c and a f i x t u r e  which  a l i g n s  the support  i - i ug and
Mu— u t i c t a l  shield  to the  l-;S( base - I W o  i nduc to rs  and t h r e e  suspension I n it ns f or ’ t i t cm ’s
u w o u n d  h~ Not ’t ii m’ np) were also brought  fo r  ,-\u to r ic t  I cs ’ e v a l u a t i o n .

,\ I I h a rdware  W i t S  eV UIU U t C ( l  ( hu m - i  tog the two week pe r’iod i n  the presence of the
No rthrop I ) em ’s oruo el - ‘I’hcre Were flO l) r ohl ef l i s  wi tli the evaluat ion ito- ti vi iv or the
I uteg i-i t y of the pa r’ts wi th  the followi ng exceptions : ) 1)  one sp i r ind ’ u iii I persis ted as
a slow ebiat ’ger. ‘l’hc diagnost i c  d i sas sen iblv  r’evealcd a smal l  con tamina te  on th e
rotor sur f :~ ’e. I ’he u ni t  was m’ccleaned , m-easse mbled a ad 1) 1 aced back on pr’efu neti  onal
test - The un i t  t hen  passed wi thou t  p r o f) lem:  ( 2 )  the Nor th rop  bu i l t  cavity a l ignment
fi x tu re  (11( 1 not locate on the 0. 650 in .  d ia .  spotface of the twelve hole cav i t y  half and
did I)t’O~’e to be a pr ’oble in for the  mn echani  cal a l ignment  of the reworked spi r omo er.  ‘I’he
n o i s a l i gn n i e n t  ( l i d  cause sonic s1~ark i  ng on in i t i a l  l i f t—off  a t tempts of tlic- reworked u n i t ,

It is  poi nted out here that  t h e  cavi lv and rotor parts looked vet ’ good : measure—
iii t - nt s  at No r throp  ag reed wi th  n ic a sure o t ie n t s  at Autonet ic s  w i t h i n  the r’eso lution of
the equi pment  used o i l  p — i n c h o .  The sur face  f in i sh  of the MICRON c a v i ty  hal~’e~
were oi) s( -t -v e( l  to have somewhat  ‘‘deeper than normal ’’  lapp i ng sr -i ’ato ’hes and it  was
ag m-eed t Ii at cv a I uat i  on of the two sets to be (id iverc o I in I- ’ eb m arl’ would be p em f o  rtnei
a ad the  two h o - st  sets would Is’ (-hoser l fron t  the four ’ sets to m lul l  up i ns tr ’unic nt
asse n ihl v  and eva lua t ion .

There was considerable act ivi ty  whi le  Nor’th rop I) ensoritI cI  w -  i-c at Au to r i c t i  cs
N u not e no ti s mee t ings  were held.  I )i 5CUS5~ ons i nd udcd cxtr’usi on pr - o ’ s s e ’ s .  lab i ’icat ion
techniques , sh op tou rs, met rology meas U r ’eonents and prcfun ct i  onal t e s t  a t~ ! eval wit ion
pr’ocesses and techniques.  Northrop personnel did much of the p t’c f un t - t i or ia l  tes t ,
clearii rig and ass( ’:ioI ) ly of thci t’ own I n s t run ie n t s .  No m ’thr op per -sonnel took all  ha r dwar e
hao’k w i t h  them with  the excep tion of the two sets of t ’otot ’s and cav i t i e s  wh ich  were
delivered on the Ml ( ’I ( (  iN ~) r ogra r oo.

6 ,2 . 3 Support to R e l i a b i l i t y  ,- \ ssoe i at e  (‘ont n a c t o n  ~~I :ou1 i n Ma ri et ta  (‘oi ’porat io n

.-\ i_ el) resent :11 i ye t roni  M~i rt in Ma m ’iet ta  (‘o nporat  ion 1I \I C) , w:i s resid ent  at
Auton et i r s  unt I l  .1 anua  ry 1977 . M \I C , un ( he  m - So-pa t ’at e -ont ract wit Ii A l- ’A I -,  l) t ’ovided
assi stan r o-  in  pe rf om ’mi  mo g r c l iuh i  l i t v  studies , pre ( i ic t  ions , t: t i  In l’e repor t ing  a n a ly s i s

I n ( lo ’p ( -ndo ’nt i ’chi ab i l i ly  a~ a lvses in support of t h i s  progra m - I )es ign and r’c l i a b i l i t y
h a ta  \~ 0’  i’c ppro~v u k - n l  to M \1 ( ‘ to assis t  t h e m  in t h e i r ’  ~‘u t ’iou i-o a n:i lyse s

6 . 2 . 1 ( )t he r A s s O ( ’ i a l (  ( ‘ ont t’~t ( ’ l O t ’  SU pport A c t i v i t i e s

It he i :t ( ’t l v i i i  e s in  support of A ~ s0t i~it e Cont r:i ~‘t t  u’s a re di ~~~ ss(’d i n the
following pa ra gr i r p hs of t h i s  report :

l’ara  2 . 1. JO )  I-’a l t r i cat lon of \ I F S G ’ s fo r’ So-( ’ond Source

I ‘a ra 3. 2 1)evclopmcnt Tests
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In r i l d i t i o n , sot p~uu1 t o  ( ‘51) 1, for’  t h e  n ( o r o — dt ’ s t  r u ( ’ t i I o I o -  r o t o m -  and - a ’ ~i I y  o ’ f f o n t s
a L t  m t - h u h ’ I I h i t -  f o l l o w i n g  act  i v i t  i t ’ s :

~- i x  I~~~- (  ) 11:11 b I an I ~s , w h i c h  it c r’e rece it e d  f i - o nt i  ( ‘Si) !. in - J u n o ’  197o ; , ~t crc n i o ’k ( ’1
p l : I t  t -  i n  - J o l t -  in  suppo rt of t o t a g n e t  Ic  sus ’o -pt I l t i  l i t v  t t ’ s t s to lu eond i t r t - d on I lot’ I ) I a t  lagflo at t -  r i o  I i t  ( ‘ S I )  I - .  l)u 1, 1 log Augu st , t lie b l a nk s  were p 1’Oe( ’ssl ’ d by A u t o s a t - t i ( - s  t o  m ’o- n ( I , -  t’
I l i t ’  I t t i i t s  -~ I e— - ( ’ ( - f ) 1  i l i l e  ~t v i t h o  ~a n i : t t i a n s  l te tw e o- t i  u n i t s~. Et : i lu t t i o m o  m - ( ’ \ ( ’ ; I I ( ( I t h a t  tw o  of

l i t ’  u n i t  ~ -~ho ti l I  l i e exposed t o  : u h l i t i o n ; , l  b a k ing  in  t tn d t ’ r ’  to  t - s ) : t l d i s h  a gm ’ t - : I l ( - i ’  range
t i t  ~‘t i sc t ’ p t i l i i l i t t - . I l o i s  w a s  :t ls o : tee on n p lish t ’d dut ’ ing  \Ir gus ) 1976 . F o l lowing  su b —

)t i e n t  t i - l i  si i t og ot t lu st ’  t w o  imI l i t  s , it  w i t s  decid ed to  b ake one of t h e  t w o  f o r -  i n: o I ( i m t o o n o a l  i t - n  ( l a y s  at  :1000 1’ , ‘I ’his ba k i ng and eh~I m’ act e ni? - ,I t i on \t’ : is  ( ‘omio p le ted in
So ’pt etoibet ’ . l’ Ioe f l i t  ~ t te re I - el u nti ed to  ( ‘51) 1, in  - Janu : i  rv 1977 .
0~~S ‘FISK 5 5 . ( ‘ 0 ~~‘l ’ ( i l ’  O WN I :R S I I I  P

Flit- purposes o f t h i s  task were to up date as neeessar’v the Phase 2~\ (‘ost of
ownet -sh i  p m odel a ad support  the K 1’ \l ana ly s i s  and design task throug h 30 September ’
I ~°TS by t radi  rog off p r o d u c i h ) i h i t y .  r e l i a b i l i t y ,  and m a i n t a i n a b i l i t y  parameters  to arr ive-
at a MI ( ’R (  )\ design which  wi l l  r ’esult i i i  low cost of ownership.

(‘ost of owne rship  support of the Engi neering Prototype MI CIWN ( h - P M )
resulted in several  p r o du c ib i l i l v .  r e l i a b i l i t y , and ma in t a inab i l i t y  tradeoffs as
deset- ibe d in  the  fol lowi rig par ag r’aphs.

Al tho ugh Ill is e ito rt cont inued th rough  the th u ration of the Ph~o so - 213 contract ,
on ly t hi t-  cost of owne-r sh i p a c t i v i t y  per forme d under contract (5 August  1975 through
:9) ~( ‘ptt ’mI ) t ’ r 1 97 5 is r eported here . Consequently , the following paragraphs reflect
s t a t u s  is of 30 Septembe r 1975 .

6 . 1. 1 I ’ ro du cih i l  ity

‘l’ht - p t - Oct - — 5 f l o w , t pp 1 i t ’ati on of standz i r ( lS , mate - v ia l  cost e sti m ate , a nt f cost
predic t  ion for’ th e  ‘‘ P m’ t ’l i no i na ry I Ivhr i ’  I K le - tronic s I ) ef ini t ion ’ ’  we re’ completed. ‘l’hw
Sa m o o-  “P m - l  I n i i a  r’t I I vh i ’ id  I- h-t -t r oni - s I ) e f i n i t ion ’ - packa go’ was subn i itte ’d to the ’ I I vb r i d
\ l i e -r o e h - c t r on i c s  ~ ) i t  i s b n ol Col l ins  Radio  Group, I ) a1l ~is , Texa s for a ‘l~~- l ’ ’ ’  cost
c stj  mat e .  1~ t a  lu  t io n of th e- above i la  t..- o in diea to- d a potent ia l  sat -lags  of >s~:t , 001) per
sv st ( ’n i  in nero n_ i- I To g  arid non—r ec u t’ m ’ing cost s by u t i l  i -, ing the Col l ins  f a c i l i t .

It shou ld I~ - n o l t - i l  t h a t  the (‘o h m s  es ti n-o t t o -  was for hybr ids  f ab r i ca ted  on t h i n  f i l m
s t m l o s t r t t s - ~ . At  t l t s ’  t i m e , ( ‘ oh m s  w i t s  se t t ing UI) a h i — r t ’ l  th ick  f i l m  l)t ’Ocess f te i l i t v
‘-t ith p la n s t o t  I)~’ ~~i Pt ’0dU ( -t i (t rl  by —\ p r i l  19 7 0 . ‘l’li is ca p a bi l i ty  would i l l o ~t t h -  e ’ontinu :t —

tion of p r o -se n t hvh r i ’  I f t - s ign to r M IC R( )N and the advanta ge of ut i l  1, ing t h a t  pt ’oc.~-ss
w h i c h  is most co s t  e f f e c t  i ye for’ e t c h  hy b r i d  ci r cuit .  Ad o l i t ion a l ly , pt ’O( IU ( -t iofl  s t - t  up
(‘() ~ t s a re ro - mut -e s l  l~~ tnt i l i / lag  the ex i s t ing  process , i ssernblv , ~t nd test t a o - i l l  tv.

i ’ho- M E 5 dna wing  p t  - k i  ge 5 21 75 conf igu i o  t ion ) was processed Ut rough th& ’
work r rot ~a su rem ou nt g r -oup inn - a ppl I t o  t ion to f  stani da r’tls to al l  detai ls  and a Sseml)l \‘
operations. .111 poss I bk buy typ o ’ i t t - r io  tt e m~e processed th rough Purcha sing for quotes
from supplier s . ( o , sI p 1 ( 5 ) 0  ‘rt ions It ’ t -elopcd for  the st anod~o rd laho i’ content and then
conopa rcol against  the ‘‘bu y ’’ -ost s ino l ira ted ii 15 to 20 percent cost savings by u t i l i - ,  ing
those speci t I ty supp l It -  r s for approximate ly  3() percent of the dc-tails.  11 ftec’n (Ir a Wings
we r -  ‘‘ m’ed lin e - ti ’ ’ , c - t i lua ted for  cost t r a olcof l ’ ( 5)) PC- r eent labor m’ e( lu ct ion in these pa rts
and returned to th e do-sign group for ana ly s i s  ano l  changes.
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A s tt tdv  to  t o t a k e  Sl- I ’  t t oo i lu l e - s  i n t o  lou n t o o o d u k - s  i t o s t  i - i d  of two was coloo p lel ed .
In t h e  t tt’O m o t o o l u l t ’  ‘or it ’ (-pt I o t - l i t ’ i d s  a t’e t to un -i t t ’ i I  on ht tt ho sides of in eight —l ~ive t’ a l u n i t i n u n o
t’ ot’ e l t t :i n I .  It o t b c  fout ’  t i u o u h t m l e  ‘s o -  t ’ s i o t t o  h i y l t n i i l s  a ro- i o io u mi i -d on o no’ u - i d e  of ’ t f u r - — I ~i ’s- - r
bo i ni l ‘st i t b o  i s u m ’ t : i e s -  heat s ink . I loe st udy i n d i r a t o - t I  :s sy s tem s i t - i n g s  of : ip l) t’ o x l r n : i t o - I V
S250 I on t h e  f ’ou n - - t o o o i l t m l c  t ’ o n l ig u n : i t  io to .

6 .3,  2 R e l i a b i l i t y

6 , 3. 2 ,  I Re h i abi h i t~ Appor t i  oniioent

,-\ t o a I~ sis of th e  Phase 2 II  \C I- ’ r e l i a b i l i t y  r -equ i r ’eno ent was in i t i a ted  wi th  the
a~)p ort i onno e : tt  of the  pno (Iu ct ion IN I  - sperm fied \ I T II  I- ’ ( H~~~) t o the su})aSseloil ) lV k-t-el

- e. S El - 
. I )  Pt - 

, etc - The app om ’t io mocol M I ’  U I” ‘s-aloe for each suba sseniibl and the
(‘o rres l oomocli n t g M T II  I - s  pm ’e( l i ( ’ t t ’ ( l a t tboe e nd of Phase 2 ,-I are show ni in Table 56. This
apportionment was  considered I ) re ’hi fl ii fl~iry;  ano l was updated to reflect the results  of
t he pm ’eiI i ( ’ t io n s tud and t r a de— i ffs  e x t  mito ed by the (‘ost o f ~~~n ersh ip team (h u t-j ag
l’ha se 2 11.

~~~. :t . _ , 2  Rc ’l i ab i I i t ~ P re d ic t io n

At the begi t o n ing  of Phase 2 11 an i n i t i a l  predict io n for the MT CIW N LXI - was
projected fo r’ cotu ple t i  on du i i  ng the ni oonth of September 1 975 . 1 lowet-er , ac t i vi tv oro
th i s  ef for t  was hei rig pare(I lt ~ the r’elease of a fi r io t product description containing
detai l  in fo t ’n o a t ion  on sv s t e r i t  pa r t i t ion i ng , ci rcui t  design , board layout , and parts
l i s t s .  ‘I’he pre l I r id na ry  issue of the Pr’oduct desc ml ptio ni o(’cu nn’ed on 29 Septenob e r’ I ~!7 5
which resulted in the s t i n t  arid (-onop let ioni of the actual predict ion effort  to oc~’ t r  after
the cont rac t  period fom - t h i s  task. (Note: The prediction stud y was continued and the
i n i t i a l  I ’has - 2 II pred ic t ion o-om ì op leted in early December 1975.

‘l’ A R I . F  ~~~; . PIIAS I -  2 11 1W LIA lll L l ’l ’ Y M ’I ’llF ’ AP PUR ’l ’IO N M F N ’F — M ICHON (A( ’ 1’) IN !

A P P O R T I O N E D  PHASE 2A

—___________________________ _____________ 

SPEC ROMT PREDICTION

MECHANICAL HOUSING UNIT (MHU) 22,000 29 ,155

INSTRUMENT ASSEMBLY UNIT ( lA y ) 4,444 6. 329

SUPPORT ELECTRONICS UNIT (SE W 8,333 11 .500

DEDICATED PROCESSOR UNIT IDPU) 4.000 4.235

POWER SUPPLY UNIT (PSU) 26 ,666 10,000

MULTIPLEX TERMINAL UNIT (MT U) 10 ,000 $6 ,025

CONVERTER UNIT (CU ) 44,444 53,475

INU SYSTEM TOTALS MTBF 1,2543 1,436

FAIL. RATE 80,00 69,65
(%/10~ HR)
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3 ’ 2. :t Speo’i fi i’~t t I oro I ) cvt - I op m it en t  (Support

Rel i a ld  hi ts ’ des igni a mod qu~t l i t t  assu m ’amu ’e vet - i  fi cati on requi rements  Were generated
for I uo clu sion in  the I)OW i-i ’ s u b t s v s t c t o o  speel f ica t io t o . ‘l’he r e l i a b i l i t y  p rovis ions  of t h i s
sI ) e ( ’j f i ra t iof l  wem -e uti  I i  i . e-il as a 1) asi s for d m’a ft i r ig the m’ e t oo a i t ’oi ng sub sy s te m io  speci fi c a—
lions developed do ml t og Phase 2 Il.

‘l’ h -  dr’aft spec i f icat io n.  entit led ‘‘(‘h ar acte m ’istic s f ’o m’ a n Inertial  Navigat ion
Sy stem U X S $ .  ‘ ‘  Was r evicw(-d arid re l iahi l i  ts - cono meats generated for inc lus ion  in
.‘\uto mie ’t o’s response. ‘l’hi s docu n io ent  dated .Ju lv 1975 . was prepared at id oh s tr ibuted
by AS I ) .  ~-\ l” S(’ . W PAl”  II for’ coa t t ooe nt by potential IN S supp liers.

6. 3. 2. 4 Auto net ics ’ R elia bility Stuth- Act iv i t it -s

6, : t . 2 .  -l - 1 I lc i no Lead Rel ia b i l i ty  Surve y .  Beam lead device n’el i a h il i tv was the
sub ject of a te l ephone sur t - ev -on du o-t eol for - the MICI {ON prog rano . By way of an
introduct io n .  each of the i n d i v i d u a l s  contacted were advised of Autonetic s i ntenti ons
to u t i l i i , e  RLSJ devices in the design of hybr id electroni c circuits for the M ICR O N .
.-\ lso , the s u r v e y  was hei rig conducted to gui no ado h it iona l i n s igh t  in to  the actual  experi—
e’mice da ta  of other user -s in sufficient detai l  to permit a continuing ev aluation of the
beam lead risks associate-il wi th  achic y mni g Ml ( ’l (ON goals. A r espo nse was a l so
solicited f t - omit  I I I .  user’s possessing d ata to (‘onopar e- thei r’ results ant i conclusions
‘svi t h those cxpn ’essed by the hiug hes r e l i a b i l i t y  s tudy.

lelep hone contacts were ini t iateo l  and o-or o op let eol with representat ives  of 12
sepa rate conopa roles a nd agencies (‘once rnt ’d in  one wa y or another’ wi th  hi-a tot le it I
dcv i  cc r ’eli ab ) i Ii lv - Si tor e experience (hat a was the nia i n ( ‘om it -c-rn of th i s  s u r v ey ,  mooo st
of t hose I ndi v i o l u a l s  c’ont act e(l n ’epr esente (I the ‘‘user ’’ as opposetl to the ‘‘ no onufac tu r -r ”
si de of the I I I ,  cono j o r u n i t y  - So rvc v cont ao’ ts ar -c l is ted below :

• lk-n di x (‘ om ’po ration , Ka nsas ( ‘it ~ l)i v is ion , Kansas ( ‘it ~t k t .

• ( ‘ol Ii as Radio (‘omo opat oy , \ v io m o ics l) i ’s- i sion , (‘eda r R apio h s . Iowa

• (‘ o l l t  as Radio (‘oti ipan v , I lyb r id  1-lect n’o no ics l) iv i s ion , l)~’I b u s , ‘l’exas

• f I t . \ I ( ‘orpo i’ation , 1”edei’a l Sy st e m ot s  1) ivi s ion ,  (~ vt- g o, Nt ’tt York

• tla nt i t o — M a r l  etta (‘orporati on, 1)enver I )i v i s ion , I )env er ( ‘olor inh o

• Ra ytheon ( ‘on oopan v , Industrial (‘omponents I ) iv is ion , Qul ney , M assachusetts

• Ray th eon (‘om o op ani v , M iss i le  S stt ’ nis 1) 1 vi si on , Uedfo m’tI . \ las s achu sctt  s

• Raytheon (‘ontp any , Semiconductor hl i v i s ion , \I t .  View , California

• h (o m i i e .11 r’ lk ’velop niie nt Center’ ( I t A D C ) ,  I (& ~1 Eng i neen’imig , l {onoe. New York

• Ro ni e ‘‘ii r l)evelopnoent (‘enter (RAI ) C ) ,  R e l iab i l i t y  Analysis Centez’ ( R A( ’ ) ,
i ( o t o t e , New York

• I - 
- S. A r m t i v  El ectn’ ono io ’s (‘om iotan d ( K1 ’ OM) ,  l”t M on mouth , New den se- v

• San ohi a (‘o rpo ration , Su no lla l abs , Al l)u q ue m’ qu e. New Mc xi Co
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Sur’~ e-~ R e-st i l ls

.- \ v ; i i l a h o i l i t y

• A v a i  la bti  Ii t v  p i’o h t le t t i  W i l l  I ~~ ‘ t m o t o  toi l  t t t h i  he

• Ino lust i’v t ie t ita too l not Ia n-ge- et uno g ho at p r e -sent

• . \ l low to — , ( i  we -ks lead t i t o t e  l o t ’  h i g h  n t - l i  tI d l i t  devices

• Selc( ’ t par t s  cai’€ ’fully — a ’s oil1 c t i t t  b o l t - \  e - u t s t o t t i  c i r cu i t s

• (‘ ont i  nuous  I I I ,  p n’ oo lu ct io t i  s - U t - r c m t t 1 ~ it  I o - ~~; is Ins t n’unicn t s  . RCA , and
U avth e -ot i

• I le ’  1)t’e p ame ’OI to COti O mii i  I t ’ ( ’~~~( > i t t ’ ( ’ ( ’~
-
~ t ot ’  1 l ( ’ ’s c b o p n n o e n t

R e l i a b i l i t y

• \ la n u f a o- t ot  m - er - use- n a s sess  m ooe to t s  agt ’t -e t ha t I I I  .SJ de t - ice i-eli abi Ii tv
is  superior  to ( h i I )  m i d  w i r e

• I ots of lId I I , ab ot ’atori i-s data — hut  l i t t le -  o therwise:

It ’ ta i l  ore n-ate (C o n o n ouni cat ion equ i p ui ent )
11 . 000 11 — 0 , 0 0 2 1 , ’ l O ( ) ) )  hour’ s
IC fail un’e rate ) S. \  I- ’EGI - M U)  Life ‘I’es ts )
0. 00- 1 — 0. ((( I S 1000 hours

• hIendi  x Sandia clii i no ‘l’ r iolent experience compares wit h Bell Laboratories

• Bendix - Sandia cI~t i r io sortie new fai lu re  noodes hut i ndicate they a n’e
p t - ed ic ta ble , s(- 1’Cefl~ib 1e and controlla ble

• Texas Instru ments , R C A , M otorola am id Ra ytheon usi rig Bell
I ,a h ,om’at o ,n i es I1 l~S.l process

• (‘ a m’efu l a t tention to detail i n  p ro cui’e - io ieflt , screening , handling .
ass -t t oh lv  ano l rewor k essential to success

• I )evices may require a Prote ct ive coating to guard agai most pa n t i c l e
c ot t ta i i oi  nation ( lu ml rig asse m io l ) lv / rewo m’ k: m ooi stu re protection may
not },e required lot ’ normal use

• Manufa c turer ’s  users do not support rel iabi l i t y  conclusions of the
Hughes I lL study

Testabi l i ty

• I lL car t - i c r  to improve testab i l i ty  — avid babl e 50CM

• Bendix ‘Sano hi a require ‘s - i so-al , I )(‘ ; t’ohe and t i-nope m’at u me accelera tion
testing of an expand ed wafer ; and elect r ical chara cter izat io n tests of
t ilt ’ sam ot p les mounted on open hea th-i -
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• lIt ~m iihi x S i t o d i a  . Rat  lbs _-ot t ~m n o i l  ( ‘ ol li  mis c l i i  mit  __ —9 t ) ‘ s - t e l l of I l l  - l i - v i c e - s

i i n - l u d i m i g  m ’ewoI ’k tl i m ’oug bo fi m o t I  ( -1 0 - 0 ’ )  i - i t -a l  t esis of ’ hy b i ’ i i l s

• Pr ovide  for  t ( -s t  poit i t  pai ls ott h y b r i d  for f a u l t  i s o l a t i o n

Cos t

• Ra y th e o to  stud ~ i to i h icat o ’s si t r i ple  ci m’rid Is (6 act i  ‘se d e ’ s i - e s t  m ay  b e - less
o ’ot st  effe -ti  ‘se i i  I t  LS.J d c v i  i-es arc used o-atb ier thami  (‘ &-W -

• Costs a no- hig lo but at t ent io no to detail  cati y lt- id sat - i rigs

Sur v s, - \  Conclus ions

.\ m c v i i  w of t b i so t ’ ’s t v  resu lts ’,m n o d 1)01) 11 shi, ’d in fo  n m at i i i n  O1)t it i t i e ’ oh  s ti gg -st s tha t
,\u t o t o s  -t i t ’s i s  1)r( o ( - ( - i ’ding on ~t (‘0)0 rs~’ of mo t in i  t ro ut - t i m ’ i sk ‘s v i t b o rega m-d to I nn p lo -m -n t i n i g
t h t -  l i t - u rn  I t -ad te chnology . I- o n ’ -xample :

I . ( : i n ’ t- f t i l  i t t t o -n t ion  lo is b eo-mi gi~~- n to dm- ’ s - l op m o ’n t  of th e ’ \ I I ( ’ W N
j t en o  l i l t - l i t  I f i t -a t  ion 1)0 i— u t i i t -nt  to-s t ing r equi rcnu-nts .

2, 1 ‘a n’ts a m’e b i t - i  rig se- le - c t t -d  c~m r -fu l l to n - taxi  r ro i -iu st an dim roll i ; m t  loto ,
co)st t’ ff o e,’ t i  \ - t- n ( ’ss anol av~ti l:ib i I i t v .

:i . lIe -a no I ( ‘aol (-a r m ’i t m ’  oic ’s- - l opm o-nt  is conti ni uing and look s prom isi rig.

I . ‘l’ Ioe -  m a  i O m it v of the beam lead act ive devices in th t -  Cu m ’rent Ml ( ’ U( )N Sl~; I ’
an d I .\ I - - i, -lect ronics de ’sig’n a m e ’ t ransis tor’s  and diodes wh ich ha’s- - prov en
to be- r e -I  l a b i l e  ano oh cost ( - f t-c-ti  ‘ s i ’  pe r’ Bendix an t I  (‘of t  ins cxp eri o-nc c ’ .

2. -I • 2 R e - l i a b d I  it s- I mi i pr ov t- mue nt  \\ ‘~t r r i t n t y (111 \\) Inves t igat ion.  .-\ r -v R- w of
a t - a i l a b i b ’  I- — I I i  A ‘s - i oni c-s and , i a p ar t i c u l a r  N — 1 6  INS fi el d pe r fo rmance -  data , was
i f l i t i a t ( - ( l .  ‘I ’he pu rpos - of t h i s  t ’ffo rt was to establish a basis from whic l o to fornii u l at - a
p ropose- U m e ’ l i  ~t 1d I it v  I no pro vt -noe- nt  ‘s tar  m’a n ty (Rl \ V )  t i ‘I’l l I- ’ fo r the MI (‘ R( IN INS.

i; . :t . :i ~iai n t a in a b i l i t y

Lif e  cy cle- cost stu ( 1i 1-s t ’s-ert- comp leted to pro ’s-ide gli ido l m t-s fo r’ powe r’
su pp l y i -eduniola n c s( ’co)n dlarv roto r (h n’Op pr t ” s’ention) and fl t (X ht l t  ( S R I ’ ) SI -‘c / ‘s-a lot- .
‘h i t - stu d i e s  in both a r t -as  we - ro ’ acconop l i sbs-d u s ing  thu -J ul y 75 stand—a ioni c ‘sl l(’ U( iN
o le f i n i t i o n .  M a i n t a i n a h i  I i t v  i-ha ra ct eri sti cs we re ‘sPa n e d  fr -om it th is  con! igu ration to th- t ine
t l ot - ‘s an ’i otis a I t o - mo at  y e  - s a ppi tea lib’ to t lot ’ qu -sti on s in point. ‘I’h -s - ‘s-a Iu o - s  ‘ste re in opu t
to the -  I . ‘C model to th-t crmint ’ cost sons  it i  v it i  es and potential szo ’s-ing s . In al l  -ast- s
the ’ mo-eu r ni ng boa rd wa re cost to efft-ct th (- a l te rna t ive  was not c’onsid -re’d . Tho t- r e sultant
go i t h I  in 0-s we ’ n - < - t h t o -n used to e t a  hia t t - spo-ci lie Ut-s i go-o app i ’oae ’he ‘s by suhtrac ’tit ig I tropI c -  —

nu-nt at ion costs f rom the predicted savings of that approac h .

Re -pb act -81)1 i ’ module s ize  t a  lue)  bia s a di re-ct i mpact on spa v t-s and c-or r ecti ‘ s - c ’
m io aint m ’ nan -e costs. -\ Ia rge r nut ooht- m - of lowc-r priced assen-thIk ’s duc n ’t-nrs _ -s th e cost
t iE i t t -  nis in the ’ re - pair  p ipt -I in c . it also dec m’efl si-S conde’ninat ion costs in the c t  c-nt a
tt o (x lul .  - he’com s-s be yond economical ri-pa i r. Opposing thes - sat ings a m’e inc m’e-ast ’d
spa r e - s  man a ge ment (-o ) st s and n -tort ’ e l i  ff i eult fault isolation to the fai led miiodule . ‘Fli t ’
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m i t - I  e l b - c t  for M B ’ l ~ rx ‘s’s- :t s t ’ ’ s : t l e i : i t -d liv d i t  id in g  so nic -  eu ’ t h -  noo dule -s  in t h e -  -J u ly  l9 7 -~— t ~i iii I — i m i i i t i t ’  s’s st - m o o . Th e ’ n i o u l t i l o ’  d i v i s h o m i s  i t s t - d  and I)r ’ ( ’d i ct i -d n -s u I t s  a re  id e n t i f i e d  in
I ml i i  - - s s  . I t o  su t ro  moo :m r’s t h o m  s studs sbu t w -d t lo u t  t l i t -  m e - d I R - i - U  t oo o ht t l  i - 5 1  / i ’s o ’nu b oh bt :t vi -

ti J) to si  • 0( 1 s i t t I t i g s  p t - t ’  s\ s I t - m o o .

S i - a s i t t y  i tv ( i f  t i n -  t i  i t s  I i ~~t e - d  Ito  l’ : t h l e -  I i i  l ) n i o - c ’  ami d m ’ e - l i ~m lu j I i t ~’ was ( I i ’ f i t i e - d  I ) V
a lso \ a m ’ v t t g ( l o t - s e ’  P it r ’ ; t to i - t - t ’ s  h o t ’  t I n  on e and t l o m ’ t - t ’  W i l t  p o t t e r  s i t pp lv :ippn -oa ( ’Io e - s .

I l o ese -  i ’ s - s t i l t s  am - c- gm ’a p l o e - d no l- i gt ir -e - ~) 1 . ‘l ’his s l o ou ’ s v s t b o at  i f  t h i c ’  goals ti f  ~ I 000 and
-10 , 000 lo t’ ~‘si ‘I’ I I I ~ ~t n - c ’ ni o -t t b o e ’  no o o e ho t It- ( I i  v l s i  o)ti tie ) I on gt-  m o f fer’s  m i o l t e - ho  adt -a nta ge

Secomot h ;i rv ~~~~ m’ d mops c~iu seiI buy po’s~’~?~ supp l~- f a i l u r e s  ri ta ~’ be n-educed b~- e i l  her
I mo q o m ’ ov I ng t h e  p m i  noa rv f a i l  tim _ c ’ r ate or I ni-I tm ( hi rig n ’eilu ada mit powe r’ s ounces and I sob at i  on
ci n - i -ui I n ’ s  - The l i t  te n ’ al t ez’ na ti  ‘se d t ’ f e ’o t s  it se l f  to a r e - r t a i  n extent ,  howe ’s -o -r .  by
g e -m i t - n u l l  i tic m’e ’asi rig the ’ pm’i ma n’~ fai It t  me t ’ate ansi un i l t pr -ice - I” igut -e 92 w is developed
to be - used is a tool i n  select i rig I hoe best (- 0) 1001 ) 1 no at ion of these two appr o~t ebies - ,-\s a n
c ’x : i iui i u le- of hoyt t h i s  cui ’t ’e amy be usei i i s su i t t e -  a 40. 1)01) h r MTB I” t in i t  w h i c h  causes
tWo ) U rops ~s’ m - Lii bi t t - c - . I ’b ie c- ti rye shows that  t h i s  is worse than a 10. 1)00 hi m’ to ni t w i th
rio ) st ’t- omt :Ia m ’v f;r ii  ut - c -s  - I I  owe-yet’ i t  is b etter’  t h i  mi a 20 . 1)0)) hi m ’ supp ly wi th i one il m’ Oli
pci’ f i l l  u m’ e.

A l l  stuolies pe rfo i’nit -ol on MI (‘ U( IN to date s biov ’t-d t h at a Bas e- Shop I Ml - re ’p it in ’
anol ea1 i lu m ’~m t i o n  m a in t t ’n a t i ( ’ ( -  philosop hy is less costly than 1k-pot Bc-pa l t’. ‘l’ h is  ms
d ime ’ t O )  t lot ~ioldi t iom iaI  te st -qu ipm o-nt  and othe r rcsou ret-s ro -qu I n ’t - ( I at t acit ha so- sloop
b it ing t 010 ) t’ ( - t b o an otfs e’t  liv spa m’es in  a lon g cit-pot p i p t - l i n t ’. Be-cause of the -sc- conclt isions
tin -re was nioin o i ’  ( ‘OflC ~ i’Ti fromi o t i m - t o t -  to tin - t i c ’  (b ased on expe rk -nce- w itho gimba It ’d
S\ s t e -ms  tha t  t in ’ loy ’s-t- r skil l  Ic -v e l s  and ‘st -or -king conchitions at flit ’ base- sloop might not
t’ea liv aIlo ’s’s- I ‘s1 I - ri-pa i t’s in ’s-olv ing ’ im is t ni m m ent  r o-p laco -niie -nt and cal ibrat ion.  ( )no ’
sol tn t ion pr opo s (-( I  ‘st-as a s ingle  sloop ro’pl a ceabl e unit consi sting of t h e  inst ru moient s and
al l  e’ lc ’c trom i i c s a ssocI i t t ( -oi  wi th  the ’ c a l i b r a t i on constants . This would allow a si mph-
re-mo - to te - ~o n o h r ep i ~m C ( - t ’unct i nto at the b~o se shop dd e- i ’m’i rig cal ibrat ion am -t el (L’ta t ied
m’e’p a i n t t )  t t o e ’  depot .

.-\n i nd ica t i on of the-  l i l t -  c-vch - cost s associate d with a calib ratabl e SUE ’
a l t - r m m t i t t ’  ‘st-as dt -velop ed.  This was done b s imp ly n ’c -ar ranging the .iulv 1975
sv sti - no data in th e I . ( ’( ’ moio oh t- l .  The Ins t  ret n ioc ’nts and support elect ronics which affect
calibration as defined for th at system were arran ged into one Silt . i b i s  approach
doe- s not consider any volume, weight , or additional price i mpacts t ’s-hich in reality will
probably be rcqu ir (-d. Its purpose was only to provide in-sights into potential logistics
costs and s ; t v i m gs. The conclusion of the stu d was that a calibr a table SRI ’ concept does
not offer IA ’( ’ savings cornparal)l e to a tot al base repair and calibration nooainte flafl CC
concept . Quanti tat ively these sa’s’ings ire as follo’st-s compared to a total ohepot repair
coune’ept -

Packaging/Maintenance Concept LCC Saving s per System

Calibratable SRt ’  512 K

‘I’ot :d Base Repair 15K

‘J ’b oe ’ physical constraints not quantif i ed at thIs  poi nt also favort -d tin- tota l base- re-pair
approach. As a result the-  noa in ta in ab i l i t y emphasis was continued toward hard wa re
featu res allowing for ease of base n-ta int e nancy .
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‘l’ , \ l t i I- i7. U 1 - I ) I ( ’l- l) ~i o l ) 1 I I - ;  S l z l ;  1 \ l  l~,- \ ( ’ ’ l ’  1 iN 1.1 I - I- : ( ‘\ ‘ ( ‘ I i - :  (‘( )~—~‘I’

Potentia l Dollar Savings from Des ign Change

Average Cost Total Life Cycle
Proposed Design Change In itial Spar es Per INU Repa i r Cost per Systent

D,vid e the Suspension S298 ,000 S 7 8 7  $ 480
Module Into Two
Identical Modules

Divide the 2 SEU $324 ,000 S 9-55 S 450
Modules into 4
Modules (3 types )

Divide the Powe r Supply $226 ,000 S26-49 S 786
Assembly into 3 Separate
Plug-in Modules 

__________ __________

Total $848 ,000 $43.91 S1 ,716

NOTE:
$1 ,500 —

‘POTENTIAL” ~~~‘®°

SYSTEM LCC 

POWER SUPPLY PRICE = $8,000

10.000 HAS 20,000 HAS 30,000 H AS 40,000 HRS
POWE R SUPPLY MTBF ~~

-

Figure 91. I’ottc -r Stmpp ly Packaging Sens i t i v ity  Stu dy
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S125K -

5120K -

AVERAGE UNIT 5115K 

~~~~~~~~~~~~~~~~~~ E RS ~~
P

COST
LIFE  CYCLE 

$I1OK -
L’~ 

SER’
(1974 DOLLARS)

5105 K NOTES:
7/75 STAND ALONE SYSTEM
CONSTANT POWER SUPPLY PRICE
STANDARD DEPLOYMENT

$100K — MU REPAIR AT SERIAL FAILURE RATE

0.5 10  1 .5 2.0
AVERAGE NUMBER OF ROTOR DROPS PER POWER SUPPLY FAILURE

I - i g u  i- i ’  92. Powi.- m ’ Simpp iv U t ’ t l u n t h ~n nn -v ( u id - i i  nes

Sc  -r i s i  Ii vi  t V Of t i n ’ :ebo~ e doll t r d i t ’fe r t -n c e -s  to v i  m ’\’in g : ichieved c ’al ib r ’ation
st t h t i l i t v  P t ’m’I tX h S and L n i l u m ’ c - m i t t s , was also inv - s t i g i t t - d , Tht-  m c - s u l t s  am - i ’  p101k-U i n
I i~~~U t ’ (-S 93 and 9-I . It is inte rest ing to not c - tha t  it  a fa i lu  ri . ra t e  ab oLt t 30 pc t ’(’ - ft
of t h a t  p t - c -dk ’to ’d , c I t -p ot  n’ - j se i  n hue e ’on i -s thu l eas t  t -osth’  bit t thoat  i t  cal i b n a t : n b h -  SI I
pp r oach no ‘s - r I u ( ’ c ’ t ) mc-s th e  l owe s t .

150

z

~~ 140 —
0
I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
OT A

I-

~~130 —

I51

~~~~~~~~~~~~~~~~~~~~~ PASE A rp~~

-I
C.)
>-C.) ASSY

—
U.
-J

1975 D O L L A R S

w f l O  —

JULY 75 STAND ALONE SYSTEM
LU FAILURE HATE PREDICTED VALUE>

100 -
_________________________ ______ I I

6 MONTHS 12 MONTHS 18 MONTHS 24 MONTHS
CALIBRATION STABIL ITY  PERIOD
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7

JUL Y 75 S T A N D A L O N E SY S T E M
CAL STAB PERIOD 1 2 MO N T H S

>
80 -

1 I I -

0,1 0.5 1,0 1,5 2.0
F A I L U R E  RATE ( N O H MA L IZ L D  TO PR ED I C T E D  VALUE)

1-’igurc 9-1. l i l y  (‘~ cIe Cost ‘s’s I” a i lun ’e  Rat e-

) ; - —I ‘l’ ,-\SK ~ - - l  . P\l(’l’S Ph~~ X R,-\ ~1

i’he p t t  t ’pus t-s  of t h i s  task ‘st’e’ t ’v to sup jion ’t the p roducibi l ity end n’eli rh i 11 tv
t-ng i ti e- i - n-s t h n’oug h 3 ) )  ten ihe n’ 1 97 ~ in the a m’ea of se-le-cfl ng parts for- the I- P ‘tl and
to o -o mt op li- ‘ t h e  (let- c -I e nitent of the 5i1 ( )S .\  I) (‘onvel’ter , spin t’ni oto m - runt rol . amid IN I
‘tI ( )S chips I ft Li at eci i t n ot Ice ’ Ph ase 2.-\

I ; . 4. I Pa rts Se ’ lc’ e - tion i

(‘o to tp ti t - me -m o t ~:nt gi noe -e-r s suppli ed p ar t s  cos t app lication a rtch i ’eh ia )i i l i L y  to the
aI)l)m’ol);’l etc .\IU’ R ( iN perso mom ne l i it support of 1’ PM d esign and par ts  pn’ocu n-c,-m toet i t

I n’~uleoff of pe r-fo m rota no t-i ’ - cost • a mod i- c-I I ahii Ii t w -t ’e evaluated a n(l i’eco in t t i t -  toda t lori s
p rot’id ed -

h ot’ 40u ‘s o l t ti-art s is tom- (-1011)5 (to 1)0- (V~tI Lt ~ttV (l ion’ u sc w ith the sma l l  gap t~’s-m’o
(‘ha n’ge - -\ m p h  ( u - i ’  ‘st e- m’t- m eet-i ‘sect I m ’on i o l” ai rchi 1(1 e mo t h ER’ ,-\ elfl (h ‘st e-i’ d setb jc’c tt-iI to perform—
a rice’ prob e- t e s ts  - I h o w c- ’ s  c - i ’  - c ‘‘ I c - nos i  ‘s -c - testi ng , i ri ch s t i ll rig packaged dcvi c-es , was toot
pc rf on ’ noe’(I , as p l a rote- f I , I i c-e mil se of t too- I t  te re-eel pt of the’ I((’ . \  pa r’ts - ‘l’he probe
te sts we-re satisf a ctory ,

‘l ’Io e’ e- le -ct ronical chat-act o’ ri~ ati on of fi ’s c, different opt-rational anop li f t c rs
(packag ed v i  - m sio)nS) was comp h-tt- ol and the- data was submitted to l)c-si gi Engine-t’ t ’ im’ ig
to suppo rt final Ui -sign and sele ction of pa rts.

2~~~)

- — .- -‘-P-— -.--.-- -- .‘ ‘—.--—-‘.- ~~~~~~~~
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I : i t ’ i - i i - i ’s t o m ’  I i  I :i to i i n t t -g i ’a t c d  c i r c u i t s  tt’o- m’e ’ m ’e- c e -i ’s - ed and  e - v a l t t : n t i o n  of ’ t i n
ca n’ t - i t t - s  e o t o o m c - t o c ’ i ’ n l .  I n i t i a l i - c - su i t s  i n e h i c a t i - d  t l t it t h e ’ o ’s i ’ i ’sj i e  I t oh ’  fo t ’  t h t o -  dt ’ ’s c i ’

tta s - i - c - ; i i  I to g I c c - i  moo c - I c - c t  m ’i cal comi t ~tet p n’ obl e- moos.  — i i i  si - q i t i  nt  i - v a  h t i a  t io ’~ I m s i n i g
a t l t c c u l e i t i ( ’  Io ; i e i e ’m ’ s  w i t h  t i n ’  pa t’~m i o i i - t i - t -  t i o c- as u m - i m i g  t - q i t i p i o n ’n t  r t - v i ’a l i ’d  n ’ e - I a t i t  c -  m o v e - —
t i O i i i t ~~ c i i  c l i i - , m ’ - t a i m o i t o g  g lass , sp t ’ t m o g s , i- t i - . l - u n ’ t l i e - t ’  design t i o o d i i i - : i t io n s w e - r e ’
m ’ t - e o too n oo i -n o d t ’ d  to i IOI I ) i ’o ’ s  i -  t h i - s o -  c c  ‘r i  c t’s .

-l ,~~ A - 1 )  ( ‘ ot o\ t - n ’ t i ’ m ’  \1( IS ( ‘ i r c ’u i t

I ’m - \ f l )  ( o u t  i - i ’ t i - t ’ ~1( IS ( ‘ i m ’ e u i t  ( P  N i ; c005)  ‘s’s’as (h-s igne d to  u - c -duct ’  the-
cout i p o to t - m it ( ‘ount , m’ t ’ d sn -c-  e’ois t , a m od I i o o pr u v t -  t h o t -  spi ed an d pc ’ m - fo i ’uooa n cc-  of t i o - I :~— h c i t

I )  como ‘ s c - i - I t t ’ m ’c ’qu i t - i ’d Ic -i t ’  t h o e -  st stt ’  moo . ‘l ’ ht -  m w  \ I (  iS com ive rtc - m ’ m ’e ’du -e- s cost bt
ah ot it  ‘ I 7 ( 1 f t - i -c u t  t h e  p i’ ( ’\ i  tons ( t ) t i h i  gil i ’at ion .

.\ f i l t o ( ’ t i o r t a l  Iiltic ’L d i ag t - auoo  of t h e - A I )  ( ‘ om it c ’i’ t t ’ m -  \1( iS c i r c u i t  is  shown m i
I i g i t  ‘i L~. ‘ I ’ I o i -  i~~() O~ ch ip h a s  a d ic -  si “ i. of 0. 1 99 x 0 . 2 3 )  i n iel t e s .  ‘I ’he - me a ri.
7 , ( I O U  t m - amo s  i stom ’s on t i t c -  chip.  ‘ I’h o c -  p n’oc’ess us c- U is t h -  I , \ ‘ N — ~.

Ito t io t ’  I - I I ~\ l S\ sI c o o , it m it axi  m u m  of ( 3  ana log  s igi oal s  c n mi be c on v e-m ’t -d to a
i t i  tin t ’v e-oth - . ftc -  n ’nct l tip i t ’xe r is  in (kl r c ’ss c -d and one of t i a -  ( 3  signu t Is passes  tb n ’ough

i i i -  \I I X  to tin- ,\ 1) ( ‘ on ’i ’ s c ’  rt ( -  n ’ . \\ ‘hen t i o ( -  .\ I) is pre sente d ‘st ’it it a st~t u ’t eonv e ’n ’siot i
psi I s i - , ‘~~~ 

‘
, t h e ’  cont i ’m ’ s ion hi t ’ g im i  s. ‘l ’io - s’st ’i te h t  c - s  iii t l o c ’  ,-\ I )  a m t -  se qu c -n ti  a I lv sc-t  to

on li amid t h e-n t h ( - \  a me ’  t ’ ’s’~t l i t ~ct( ’(l l iv  n i o n u t c i m - i n g  i , \ l ) T  I )P i n ’t t ti Ofl is is (ol lotvs :

I 9 ’l o t - i  - cc tnt i. rs iomi b c-gins S\\ ’ l i s  set to  a o mi t -  ( — -~~\ ‘nd all  oth eu ’s a ri S c - I  to a
/ t - r i )  ( — .5\ ’( .  Two b i t  t im e ’ s a e t e r  t i o c -  S( ’ p it i s  c a n ’ t ’  i t - c’s S\\ 1 is  o - t i i i i ~i t e ’ d , i. i . .  i f  i \ ’ I Y I ’
I S a /c t ’o) t b i e ’ i i  S\\ b i s  r e - s e t Li ) a he ro. if I , \ l ) ’l’ is  a one ’ t l o i - n  S\\ ’ l r t - m o i a i n i s a one .
N e xt S\\ 2 I s sc-t to a oti - . Tht -  h o l l o w i n g  b i t  t i  n i t -  it  i s  t -v a l  u : it ed and so on tb mu S\\ 13.

\ I t e - n -  a l l  sw i t c -ho t ’s  b a t e -  h i t - t n  e t - : i lu ite ch t l o c  ~1SI ~ (s\ \’ l  ) is  t r ’~nt isk- n’ r -eI ch i m - c-c- t l v to t b o e
on i t p st t n ’e-gi ste- i’. ,-\ l I othe r- l j ts  ~t u - t -  i n  ‘s -c - m ’ t - d  be- i o m ’c- the~- a n - t -  t r a n s i t -  m ’r t-c l to t Ioi - o ittp itt
r i -~~ i s I c  - m - . ‘ l’i o t ’ b u m r num m obc-  r i no t h ot ’  output m - t-gis t - m ’ i s  tI n - l) i t on m t  equi ‘s- n h -m i t  ( c i  th i
i t i : i log t c i I t a ~~c- at ti m e ’  i nput .

b l o c - r i -  was co n i c- che - s ig’ui i nch e ) i t i -  n - i -dc - s ig n  of t h e -  ; cu o s  chip .  , \ f t t ’ m ’  t l t c ’  o r i g i n a l
U s i~~i, , i t was d iscot  i - n ’ c ’ c h  t h a t  t I n -  a c t i t - t -  p i t h — t ip t i ’a n os istoi ’s (th ’pl c ’ t i o t m  mode ’) t t t ’ m e -
t oni sbov  f o m t in - e ’Iocks to Iti m i c t ion pn ’opc u ’l~ it 12~ k l I ~~. It  was a lso  focn tt d thoat  a l- l- ’l’
\~ iS  n ) mis ( ’ o t i mie- c ’ t  i ’d. ‘I ’h i  - ( ‘ lo l l )  of t hor  on gi ron I ( i t -s ign ‘st ’Ott  1(1 mo ot ( ‘Oti\e ’ n’t pn ’opee -iv . I t
t t  c i i j l d  c’oni ’s c - u i  c )n l \  to  e t i - n  I i i  t in rv nu m be ’  m ’s.

S’svi t i -l i t m o i pt ’ L’n mit-c-s  we ’ i- i - mo o c- i n sit mt-c l on ( hot ’  i - ~( (( I  ~ e ’ ho i p mt 70 0
( an ti  itt  room

b - n i t p i  u ’ c t u n ’ i - . b i n - s i  data we ’ m - i - s i s i - c b  to ceo oop t t t t  an a t e - r a g e -  s w i t c h  iio op e -da nu- t- ‘s- m e -
t o h o - cisc-cl in mak ing  t l te -  .-\ I I r e s i s tan ce ’  ladde r’ . ‘ l’ ho t-  . \  I )  I t t - s i  st am oe t -  I athk -r  N -twor ’k
was f i b  ni c i t e - U l i t  I I  a Ii  - x ( ‘ t )  ml) .

\I1 nil tin - ,-\ ‘I) ( ‘ont  e- rt c - t ’  hv h i n iehs loave p c ’m ’ fon ’n o ot ’d I ) ( - t t t ’ m -  t b o : i m o  spe d f ie ’ a t iom m
r - e - q s ii  n i - r o t ’nits. I boc - n u ax i  mu m o m a hlo ’sv~t hl - st~i iida i’d ( k ’v i i t t i i f l i  fo m I im n i mi  lv is I . 22 no \ .
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INPUTS AND OUTPUTS ARE TTL COMPATIBLE

RESISTA NCE 65008 MOS A/ D CONVERTER CIRCUIT
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I REG TR I — PX 1
SV STATE
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-I . 3 ~j ) it i  \ lo to t’ ~t 1 ( iS ( ‘ I  t ’cu it

‘Fi t i ’  Spi ii \ lot o m’ \U c5 ( ‘ i m~e c t m t  ‘sva s e l i - s i  gu me - t h t i c  r e -duc t -  the ’  n it  m oth e r- of con oo p onu- nts
an t i  i t t  I i  i - u i c i t - e c u i t s  m’ e -qu i  n - c-c l  t on’  sp in nmo itou ’ coat n’ol an md i o n -  t em p e r a t u r e ’  control.  The-
m t - s t i l t  i s  a m’ e ’ ( h t ( ’ t i  oti iii cost an d i toopr ot - o-n uc - n t  in i - c-I i ab i  l i t ~’ . The c ost sa ‘s i n g s  i s
S I i i U  - S i U i )  p e r  st s t e - u t i  w i t h  t i o t -  \ l (  iS d e - ’ s i e e  t m t i h i ’ ,e ’cI in bot h th ( -  t e - n m p e - r a t t t r -  contn ’oi
ami d spin noo tu t’ e mit m’oI ~tpphidit t i ouis.

.\ b l o c k  di ;i gm ’ :i  no of time- Spin Moto r ’ (‘ontrol \I ( is ci i - c-m it  is shown in I- igit me 9’ .
‘l ’ im i s d i - t  I ( ‘ i  - ( ‘ ; i t t  pi ’ot eli - t hoe- foil o’st-ing output si gua Is:

.\ — e c s 2 ~~~~~ -
~ I - I t — s i m o  2 ,~~ t i  - S  dos ,~t ,m o t x  dcx x N N

- - \_  
,-\ - 

~\ (— d O S  2 ~~~ 
-
~ U (—sin  2 ~~t i ~ S dOS ,,, t ,m o o ( l( -\ \

A (— ( ‘OS 2 ~ t) 13 —s in  2 ~ t) s e’ os ~ t.ot ,  tic , ‘t / ‘1.

‘ l ’ I t t ’ coe -f l i c i i m o l s .\ , ,-\ , l ( , 5 , .\ • A , 13 , S , ~-\ , ~-\ , U and S dan beek-x x x x dc-y y y y dcv / z i

cii : in tg i  -d i c  t h e ’ e ’ o t o tp s t t  c r  ch :it a bus . The - ou tput s ign a l  m o d u l a t i o n  c’~tn h ) ( ’ del c-ted by
- i i~ t i n  i np u t u oio dub : i t  ion s igna l s  to l)( ’ l e v t - l s .

l i i i -  ~p in  \ Ic ) l o m’ \ I (  tS c i m ’ c u t i t  is  fabrk - :mt c -d tt’ itb o a b t mlk  l ’ \ I (  )S p rocess d P N — ,~0 ,
~ i i  h~~. I i i .  n , i t u i m i m m : i l  v a lue  ot thu ck-p let ion d-v i c c -s  is 2i ‘s and —2 \‘ b r  the-

i r —  i o :c io t ’ i  r u t  ni t  c l c - t  U - c ~~. 
‘I ’ iu t  t n i m o i n o i u n m  t-a h u t c - of the -  f i t - I d  i nve r s i on voltage - is 30 volts.

d i ’  s~ /~~- T i c  m t t i  Is x 90 mit i l s .

‘c ‘‘~ i r: i I i -
~ c i t  s i  L~i i  S WI - n ’ o- re-q u t i r - o- ( h to i i mmpn - o ’ s - e v i  -lds and n ’( ’du n ce- t he -  widt h  of a

i -ni t p i k - t -~ ci  i ippc ‘a n’i ‘U omi ( l i e -  outp cut ‘st’h ic - I t  ‘st-a s about 7 n i  c- i’osec’onds ‘st-i (It - .
r irt ~ c -  n i t  n’~ ,~r i l t i  U Ito s i gna l  ( l iStom ’t i of l  in thmt- poihoo de’ damping mode. The-

pi c l - i .  i n  t~ :is : i b i c  ‘ s e c t c i  by pt-o’s’iding a bc - t t - r  dr ive-u ’  t om - ti me- most s igni f icant  bit to
U p ( F  ~ ‘s ’ i - 1 I i r1 ’~ ( l i n e ’ . ‘I ’hot ’ wid th of the t r a n s i t - n t  spike - ‘st-as n-educed to one-

mu i e  - ntis ‘ - c - c  m c i  I i i  ( ‘It u s  S ct  I s l it  ( ‘to t u”

1 0 -  ‘tI c iS  c h i t c c - i  - s ‘st-c r c ’  pack c r ’ c - t i  and te st n-c-sti l ts  showed t b o a t  tin ’ Sp imi ~sI oto r
\!~ i~ ‘ m n c - h i t s  , i ( i  l i i )  m u t e ’ e ’ t  st ste-moo i’o - qsti r’c ’nmc nts.

I . I I \ I ‘tIC i5 I ‘I i ( ’ c l i t s

F l i t s  c ’ I I c rt c ot  c - r i o t  t in ’ (k ’s ig m m , fabr i ca t i on-i and t-- st act i~’it v oh ’ M )S 151 device-s
w hn i  ( ‘ i i  w i - r e ’  i t i e -no t  I I t t - t i  c lii n’ing Un- Phase 2~ \ cont ma c-I i ts eont n’ibuto rs to s i gn i f i c ant  cost
mc d i c e - I  c c c p i s .  l i i i  si d c - t i c - c - s  ‘s%’c ro- :

I . ‘I ’) moo i ng and I t t - I c  re-net- ( ;e-n ( - rator (‘ont rol ( ‘l’lt ( (‘ ) , lat - r u-edesignated
as ‘t1 I ’t1 an d  I- : M~\ T iming  ( enmc r ’ato r (ME’l ’G)

2. ( ‘ounto -  r and St -quence r ( ( ‘A S C )

:t . Quasi l tt -t ’t - rt ’nce (~~-ne-rator (QU l- ’(~

-h .  1) 1 re-ct \1 i - too t )  r’s ,-\ t ~~ e ‘SS ( ‘ ontrol ( I )  MA (‘)

2G2



—* DISC 6

LOAD O —*DISC 5

3 MOS SPIN MOTOR CONTROL CHIP 6 BIT OUTPUT FROM —0 DISC 4
HOLDING REGISTER “-+DISC 3REGISTER j—

—
~~ DISC 2

LOAD 4 CHANNEL 1 —+ DISC 1SUBSTRATE READY
V ss 

1 6-BIT 1 I OUASI SO~ 6 BIT 
_________________WAVEV dd 

REGISTER MOD LOGIC j DAC

LOAD S COS 2Wt

I f  A
~

(— COS2 (Jt)
GROUND ~~~ SAME AS ABOVE C H A N N E L 2 F  - _ _____

6-BIT DATA I 
~ 

LOAD 6 SIN 2w t
BUS F ROM I ‘-•r-~-—u--’ B~

(
~
_SIN 2L~)t )COMPUTER ____ 

_________________SAME AS ABOVE C H A NN E L 3 F
(MS B)

LOAD 7 COSWtFIN ____

EIN 
_________________________________ S~

(COSW t )

CIN~~~~~~ 
CHIP  d~~AM E AS ABOVE C HA N N E L 4 FDIN STROBE —~~~ _________________

LOAD 8
BIN —4..~ ~~~~~~~~~~ 

A DCY
AIN ~~~~SAME AS A BOVE C HANNELS 

~
—

(LSB ( LOAD 9 COS 2i~’t
I ê  A~ (— COS2 W t )

PC~~ S2 -.... j SAME AS A BOVE C HA N N E L 6F  -
~~~~

MC~~ S2 -.... LOAD 10 SIN 26,s t
— —‘I I B~ (—SIN 2L’t )

PSIN 2— ~~. 4_SAME AS ABOVE CHANNEL 7_F-
MSIN2-.. . LOAD 1 1 COSc~~t

3 3 S~ (COStJ t )
PCØ 5— ~ - 

~~~_SAMS AS ABOVE CHANNEL S
MCØS—. . LOAD 12

ADCZ
~j  SAME AS ABOV E CHA N N E L 9 j—

LOAD 13 COS2W t

(LSB ( ADD 0— ~ 
I f  Az(_COS2WI)

ADD 1 —
~~~~ 

SAME AS ABOV E CHANNEL 10
ADD 2 

~~~ LOAD 14 SIN 2W t
ADD 3—’~
(MSB ) + 1  Bz(_SIN 2(~J t )

~J 
SAM E A S AB O V E CHANNEL 11 i’—
LOAD 15 COSWt

[L. SAM 
S2(COSWt)

EA S ABOVE CHANNEL 12F

l- ’igu r(- t I l l  , l” um m cti  omma l I t l ock I )Iag ra mit of Spi n Motor (‘ontrol M( )S Chi p
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l ’he eh e t i ’ l o pmom e nit of (w o o  c f  ( i i i  - ‘ t I (  iS ch e ’ t i c e s  (( ‘ .-\S( - and I ) ‘t l -\ (  - ( ‘ s ’ s’c -nc-  stoppe d. In  t i t i  -

h~ PM , t ime-s i ’  fu tm u ’t omos a i’c - i notp l e-nmoe ’ imte- cl ‘st’ it h t i i i  pol ; i n -  \ I S I  551 in t e gm - a te - d  ci rce i i t s  —
l ’hoi  s c h i - t - n ~ i ott w :ts r o n n i e -  to  c - l i m i t  i mo n te ’  th oc ’ b t i g h t  s c - lo t -d im b and cost r isk w i o ic ’b o woo id

bo a t c - i - i - s t i l t  i cI f t’c not pt ’i ’ t t o : t t t t  n - c ’ e ’omo t miii  tmot o ’ i i t  o ) i I ho e -s i ’  lm tn c t io n ms to I SI t h e - s i  ga.

‘I ’hie ’ m ’e ’ u o t : i  i m u r ig two de’ ’s ic ’t ’s ‘ s t e - i ’ c’  ( Ic- s i  gnme- ( I , f:ib ri c at i  -d and ( c - s t e - t i .  II Lo c’ k
dua gi ’ auo os  of t i t e -  ‘ t 1 i - ; ’ t ’ ; and ( ,i h t I ’ ( ’  dc- v ice ’s  a rt ’ slt o ’st’m t in h - i gurc-s 97 a n d  9” .
n c  ‘spt ’ct i t  i i  \ .

‘l’h~ ~\l I” ’l’ ( ’, ( ‘boi ’) pr’o ’s’i c le -s thi t -  b ra ke -  c om ot mu logic , s i g t m a ls ‘s t h i  e lm u n  ‘ sc-  t ime- N .  V .
anm cI ‘1, ar rele  ro n oet e  t’ i tmte-g m ’ators , Mt - 

~t l I ) cmt t o d (I n t i  ti~ cott t rol s . amid I -; MA ( I not i  h g  l ) U I  se
tu ’ai t os ,  ‘I ’hme logic ’  i t t  t b o i  s dcvi (‘( ‘ coast st s t oni  to m m ’ i lv  of fr equc-ncv ci i  ‘ s i d i n g  coun it e r s
used to generate f ixed f t’equ cm n - i  es and ti m mmi tog si g m in Is .  ‘I ’Iic- I M l i i ,  clock f m ’ -que ,-nc~
is divide d ohowim to prov ide outputs  of :::~ — /3 kl  I t  i squat -c w a v e - ) .  -I OK I’ PS a u t h in
:3200 l I t  s ig to a l  - ‘l ’bie ~li ’s’id i ng c- on t i  nmues to :32 I l , ,  .\ s t r a p  i n p u t  us  used to sek-c’t
wh -t he-u the- 32 I It or ’ ( i-I  l I z  w i l l  be- ins t- c l  fo i I h-ic fast c- \ (’le i m m te i ’ rupt  - ‘l’h i’( ’e’ o t h e r
s igna ls are get ie ma te mi w i t h  fi xed mle la ~ s f t o m o o  liii- selected fast c’s e”le I nmt er - m - c i p t .  ‘I’hes-
s igm ia bs  a re used to c omit m o l the  s ani op il ng of the  Mi ’  M dci ito (I s ignals  - l”i ni a i I~ , a
suu ra ll block of logic is i rn - Iu m he i l  w h i c h  is used to n--ondi lion the  ast m och ronou s  F~ tI :\
si u ta l  s to s v n - i m  roimou s i n md - u ’er t te m t co toonoa r i ds  for’ the h- rtI: \ counter ’s ,

‘l ’boe Ql( l”( p i’o ’s-ides time quasi  r ’efem ’€-nice f requency getiet’ator m om - otie ES( . Two
o l e-t i ces per svs t e uot  ii i ’ e -  used . ‘l ’bii s logic ’ consis ts  of a I 2—bi t  n - e-gi st c ’n - anioh a 12 — 1) 1  t
r’ak- n u u l t i p l it -n ’ . ‘l’he output  f m ’ o nm u t h i s  sect ion is a pulse ti’ai m m whose pcn’ i ocl is mto t
g e -uie r aI1~ s v u u m n toe tn ’ i c a l  , lo ut is a ft -equcn c~ whose at’erage i’ate is eqtt al to f~X where
f (. is  t he- ( ‘lock f i - equ etn- v U \I l i t  and (1 

~~ N < - I - Iii p a m - t i c u r l a r  - N N 11)9( 1 where  N
is  a I 2 — b i t  hi nau ’v nu n m the i ’  0 ~

‘ N ~ -IOW , i ’hi s pulse tn - am is an input  to a di t - ide— hu —
II I  coun te r  ti hose outp u t ci r i t e s  a modhulo 2 I c ount e-m’ . The outputs  of the itm odu lo
2-I coun te r ’ , together  wi t im S P. ‘

. (‘ t 1 l) i screte , ant i  l l I - A ’I’ are u se-il to genet-ate s ine ,
(‘ I t S  Tt e ’  ~ : i t - c - l i i m ’ n o m s ,  0 )ne U e v i t - t ’  is  used for  each l’ SG fn’equency .  amid the SI ;L I -~C ’I

‘t ’l t ( ) 1 2 i t o l ) ( mt  selects W hi ( ’h m (le ’s’ice wi l l  dm ’ive the spi n moto r control sigmials .

fl e- c - : nusc -  of tb m e -onmi p lo -x i t ’t’ of t b o t -  M1-”l’( mi nd Q!11-’G ci rc-t m its , a re’c~’ciing effo rt
was ant ic i p : i t ( ’( i  and sc - I t c -d m m l c-d f c r  bot h dc -v u -c -s .  ‘i’h o c - r -evcl itig t ta s  indc-c-d nec ’t -ssa r~’ -

b e - s t mt -s t i l t s  on di - ‘s - ic -c- s fu ’om ti n - f i r s t  waf t -n’  lot i nd icm nted t hma t  eitchi ( ic -t ic -c ’ bind a
logic-al dc-sign pr-obl c- t im . ‘l’ l mo ’ re-c - V c-l i  ng p t ’r n m i i t t ( tI t h m - im ic o mpo rat ion ol a design chman gc-
on t im i - \ l  l- ‘l ’ tt’b ti h ;ii I owe (l the ’  dc-i eti on of omme pbt ase- Iockc d loop -i rcu it fro nit t h o t ’
SF I - 

‘ 0. ‘1 nmo du l - . ‘l ’he - re -cvc l ing c f  fo r t s ‘s ’s-c -t ’c’ com itp lt -te (i , I n ih  al cit-I i v -  r ’i c-s of h io th i
de ’’s ( ‘ i  - t\’p( S V/ c’  t ’t nm a dc’  in  Apn ’i I 197i as sc i m e -d t ml e ’ d , and thi (’ (l et ices wo n’t ’ sati  S la(- t c )r i ly
te - Ste - ( i .
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SECTI ON V I I

TASK 6, DATA

‘ I ’ h te  - 
~~~~ 

i’h X ) s (  ‘ cii  l i i i 5 UI sk was to i t ’ t ’~~ t m ’ o -  mmm l d i ’ I i v c ’ i ’  da t  a in :n ccord:iner wi th  the
(‘ on ti ’act  l ) : i t : i  i 1 o - c 1 u u i m ’ t ’ nmm e i o ( s  l i s t  ( (‘ 1) 111,) .

‘I ’b o - ’ ( ‘ i ) U  1 , olata itt-ms m i t ’ ’- sh own it o I - ’ i g i m m t ’  99 . ‘l ’h - n u m m b c - i ’ s  in  t I m e -  a rrows
t’ i ‘p m ’ ( ’sc - t o t  t h e  sc’h c cliii  e d  se1t n oi t t:nl (hin t u’s fo r’ t acit i~1mita  i t en L ‘ J u t  - sbtmi ( lc ( l  a u ’r’otvs Indicate

( h o e ’  o’onip l c - I c -dl i t  i~-ni S I li :n t ‘st’c - i - c- s u h o m i  It c-ti to t h i c -\ In - I - c t  mci - . l” i gu  n - c- 99 n ’c ’fI c-cts th t -
cont i’ai,’t mO e ‘got i m t t i  onos of l3cf ~ .

I)u ring Phase 2U , Aimtonc ’tics stmbni i tt e-d eighty— two data i t t-ms. The actual
subniit t a i  dat -s of these data itt-m s w e - u - c-  as follows:

C I ) i 3  I - I to- ni  Date Submitt ed

A 0Ol U &l) St :ttus i3epe )n’t 19 Sept c-mht -i ’  1975
17 Octobe r 1975
I -~ N o t e - t i m b e r  1975
19 l) e ’ce’mhcn’ 1975
1(1 - J m n n u a r v  1976
19 l’ e-hru tarv 1976
19 March  1976

- 19 A~~m ’~ ( 197 (3
18 ~Ju n e-  1976
19 - J u l y  1976
19 August  197 6
17 SepIi-mbt - i- 19701
19 October 1976
19 Nov emben - 1976
17 I)ec-embei’ 19 76
19 -J anu am ’v 1977
23 I-’c -b r uma r v 1977

A002 Prog m’am Sc ’hc ’tht t le ,’ 19 Sepl c’mbe- n’ 1975
17 ()ctohem’ 1975
19 November  1975
19 I)ecemb -m 1975
16 -Janu am ’v 197(3
19 1” CI) n ’ua n’v 197(3
19 Mmi n ’ch 1976
19 A pm i l  1976
19 Mat - 1976
18 ~J une,- 1976
19 ~Iu h v  1976
19 August 197(;
17 Srpte ,’mhe ’r 1976
19 (k -loIn-i ’ 197(1
19 Not-embw n’ 1976
17 i)o ’cember 1976
it) . J an u a n - v  1977
23 1” ehi ’uarv 1977
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( ‘ i) If l I t c ’ no I .) : i t i ’  S u b m i t t e d

A003 (‘ unit  m ’act \Vo rk 13i ’eakc lc)wmm St i ’ u m e ’ t um n _ i - 2 ,\IJ ~~1ts )  1975

I) at: i Ac ce ssion l i s t  I m o t o ’ m n m i I  I ) m t t m i  2 -  M m i v  197i
29 ( ) ( ‘ t t ) i i i  - i — 197 6
2 h No ’ s c-n r ih i  - n ’ 1976
20 b ) - - o ’ i  ‘ f l t i c ’r 1976
I I  - I a t i u a  m ’ s  1977
23 I - ’ e - b n ’ u m m i  n’v 1977
2-I  Apr i l  1977
29 —\ p r - i l  1977

A00 6  ( ‘I  I ) cv e’ Iopm e ‘n-i l Spc (‘  ( l ) I t ’ i-I Not - c -mbr  n 1975

~‘\O07 (‘1 I) e ’t ’e - f o p r n o nmt Spt ’c ( INI - 14 Not’ - m he -r ’  1975

Sy sI c-rn Spc- - if ic at ioui i-I Nov ernb c-r ’ 1975

A009 (‘ost Pc m ’foi -n ’ninc c -  I1 c-po i ’t 26 Septc-m bi ,-r 1975
27 October 1975
25 Nove- mbe- n ’ 1975
23 I)c-c-cmhc-r ’ 1975
27 • J m n n u a  my 1970
26 I-’e-b run ry 1976
26 M m i n c h  1976
28 A 1nl l 1976
26 Ma~- 197(;
23 -June 1976
29 -Jul y 1971;
26 -\ugus t  1976
29 Stp tc-m ln-n ’  197(3
2s (k -lob e-n ’ 1976
29 Nove,-rnhx - m ’ 197(3
21 I h-c-cm her 197( 1
27 - J m t n u m i r - v  1977
25 I” ebru :mrv  1977
:30 M a n-elm 1977
19 April 1977
20 May 1977
17 •J une 1977
22 .Ju lv 1977

AOOA ‘I ’l1A( ’E 27 May 1977
A0013 Inter im ‘I’e -hnic ’aI Report 2M May 1976
AOO C 1-’inal Technical Report (Draft)  27 May 1977

(Final) August 1977
AOOD ( c-ne rim I I ~lan / b ’ rocedure , M IC l{( )N

l’t-IE SG Test Plan 15 Apri l 1976
EMA l’est Plan 30 Apri l 1976
EPM Integration Test Plan 30 Apr11 1976
i’est Plan for EPM (Part 1) 3 Februa ry 1977
Test Plan for EPM -

(Pa rt s 2 , :i , 4 — Dra ft ) 10 February 1977
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( ‘1 ) 111 , l i e - n - it l ) m n t c ’  S i u h , n m i t t o ’ d

Ao l )  I - , I >  ‘e) Cc SS 5h Ic ‘C’ , St conch Sou ccc
Rotor’s  mmi md ( m t v i i i t ’ s  11 I- ’c’b ni,ta mv 1976

,\OO I- ’ Mm nt c ‘ m i  n I  Sh ) c ’ t ’  , Sc c’ommd S~ti t’~~c ’
I3eo iom - s  :i m md (‘ m n v i ( i d - s  11 l” e’b ru n: nn ’v  1976

I ) m ’awi nm gs , Ml 1, — I ) —  1000 I - u  i’m 3 ,
Si ‘cum id Soun m’c - c Rotors  and (‘at - i  t i e ’ s  i i  I - t b  run mt 1976

A00l I I ) u’ m n w in g s , MI U — I ) —  1000 t o  n -n - i 3 ,
,- \ t n t nnm a t i e ’  (‘ : n t i t v  ( r i m i d t ’ m -  9 I” c ’b mua r v  1976

,\ 00 -b (‘ unit i-a~- t I ) a t mn Manm ng e - ui i t - tm t Plm u o 20 N ovi  rnb e ’n’  1975

‘As pa rt of the-  c-on t inu c~l effo r t in support of st - -on d—so ou r ct’ dt -v -l o p r m m c’nt fun’ r’ cot cm n’
m ind ~‘a c i t y  fab ric at ion , mil l  docui m ents re qui i’ed by Cl) 13 L Items A00 F , i\00 I- ’, and
Aooc ; sc-c r c- submit ted to A 1- ’~\ L and ACO pri or to the - sche-du le ’ 11 J” e-h r u a n”, 197 1;
su b mit ta l  da t e - . ‘i ’ hc - m - e’for - , no separate’  su b mit ta l  of th ese- it t -ms was r n z m i l e -  on this
tl ; n t o - . ( U I - f e - r e - n e c :  Au t on emtic ’s h e - I t e m’ 76AN68557 , dab -ti i i  ii’eb r’u m mt my 1976)
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SECTION V I I I

CHANG ES IN K E Y  P E R S O N N E L

‘ I ’ h io-  t ed  lent  i 1m g 1 n ge - i i i  I _ c - v  po - n’ scmi le ’  I tv i r’ i ’  t o i n c l e —  dui ’i  t ig I > h mn se- 21 3 :

Iii N o ’ s e ’ t~i I i t i ’ 19 7 - , M n ’ . ‘I . l- . ( I-~ b \ l o - n , i ’ l  ‘ s t m i s  m i i l e h o - c h  U t  t h e ’  ~h I ( l~ON I ’ n ’og m’ m i n i
M m i t m m e g c - r o o c - r i t  0 ) f f i t ’ c ’  i s  ,- \ s s i st : i ni P i ’ogn ’ m n r i i  Mmn t ì :n ger ’ . M m’ . \ I i - n m i e - l  h m n e l  ho- Id  ke- ’ s’  p r o j e c t
i ’ r l g i m l e - c - i ’ i  ri g m e n d  p m ’e t g m ’ m n m t  t i o m i m i : I g e 9 l l e fll I ) e t s i t i e ) f l~ et a M i n i u l  i - i i i ; e i i  I m n h ) n ’ o ’ s ( - i n e - n m t  p rog n’ m m n m i  ~~.

h I t ’  h o med I i - i - n m  t ’ c - —~p n s i h l e ’  t om ’ n me\ t h :n n ’d ’st -mi i - c’ i nc h sod ’t t t :i c i -  c Io- ~ c ’ Io p tome-nI  pi’ ogr : lms  i n  the- se-
I ) m ’o ’t’i o us h o ( i s i t i m o s  :n nd t h i s  c ’X p eI ’icm - e -  i s  d i i ’ et ’I lv :ip l) I i ( ’ : I I ) l i ’  I t )  ~t I l ( ’ R o  IN I > h : e s c  2R
dc- ’s’cl e pi m oo- t i l  —

It o Nove- r i t b ’i’ 1975 , \I r .  - J a a k  - Ju t ’ i so t i  i’e-p l m u e-d ~c l i ~. Wm o It ‘ !‘ lm oc-n n e -s I s  S o m p c - m v i s o m
c i i  t h e -  ‘\II (’l~ iN DPI’ e - f i ’om t s _ M m ’ . I ’ b o e t o - n n c - s  ‘st mI ~ m m ’ e - : i s s i g n e d  t o )  sU p e ’ t ’ V i s i -  ml t l c - \ t  i’m e d i m e t i o n
ha r ( I t -nc - ( h  c c ) i i o I ) U t i ’  r e h e - v e l o p m n e - n I  e f l e o r t  - \ I  m’ . -Ju i’ i~~un h m n d  long hi - e n me s s c o - i m c l  e ( I  -,t i t h o
:\uit e n et i c s  M ( )S c - o m t p u t o - n ’  d e - t e l o p r m i e r t t s : e m m i b  I f m n m i  h i m l  m’ t t i i h  t h e -  M I ( ’R (  iN l ) P t ’ .
In v i e- ’ s t -  of Mo ’ . - l u t - i s u n ’s f m n m o m i l i m i  t i l t  tt i I h ~ t h e  M I C R (  IN l ) I ° t ’ , t h i s  c ’ I i m i m i g c ’  i i i  t he  1)l°I
sU l t c ’r ’ \ i s o i ’ \  i’c- s I ) ( t n s i l t i h i t \ ’  d i d  not c m n u m s c -  C i t y  I rm n n s ie - n t  in the -  l ) l ~ b ’  o - f fo ml s .

1mm - b m l i m u m e m ’ \ ’  1 o 77 , Mi’ . . Iohn  I ) . (‘ cou r t i e r m ( - l ) l a c -e-eI  ‘cl i ’ . C . C ’ . \~‘h i : i n g ,  -I n- . mis
su rp e-  i ’  i s i  n’ e t f  I he-  \l I ( ’ Ut IN Svst c-mom I ) ( - s i gn  m i n t e l  ‘ l e s t  E qu i pnm i e - tm t  ( ; o’(~u~). \1 t . ‘c Vh mn n g
ml ( ’ t ’ o l ) t t -d  a p e t s i l i c o n  t t i t h i  t h e  5p~~’e l ) i v i s i o n m  ed’ R o t ’k ’ st e l l  ( r i t e -  i ’ t i m n t i u n m i  I . Mn’ . (‘ouni  ic- I’
h i : n i l  lung he ‘ c - f l  m e s s e i c i m n f e - d  ‘ s c i t l t  t h e  )ll(’U( )N p?’ogl’:ent  m es  t h e  0’vS~)Ofl5i I ) l e  t - n g i n c - e  i’ l ot ’

m i l l  ~t I J ( ’  Ut )\ t - e t n t  i- me t - I  m u n ic h  e_ - a p i t m n l  s ste - r im I t - v t ’ 1  lest ( - e l u i p r l m c - m m t  . I)u ci rig I l o i s  l ) e- i ’ i e t d  hm t
‘st ut ’ Lt ’ cI  u n c k - i ’  t he- c l i  t’e-c t I on oh c1 i . ‘cVh men g ‘st - h omm o he- i’cp l:nc - e-d  . ,-~ s m l t’e sri It of t h i s  close
:e ~~— i i e ’ i m I i i c n  w i t h  ~c I r  \~‘ himcn g, he is l’a m mo i l i : i i ’  w i t h  th e -  ~I I ( ’ l l i  IN pI ’ ot gn ’ mmn ’ io ho i s t o rv  m e nd

I i ’ e ’ I  s ioii  m m n L i t m g  tc it Ii i e s I ) e e’t to I he - ~c1 IC I~~ )N sy s tem  n o t c - c ’ h m n n o i  t :i t i con  : i n i ( h  l ) m i t L m n  gim ig m i s
\c c - I l  es t h m e  s t~~t i - i n  h - s t i n g  :i - t i t i t i i - s  m m d  l’o- ( I u i m e - e I  I c - s t  e - q u ipn o c - n t .
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SECTION IX

T R I P S , M E E T I N G S, AND C O N F E R E N C E S

e t a  7 \ n d g l m s l  197-5 , Mi ’. U m i ’  ( ‘l ark , 1 . 5  , _ -\ o ’rn t- I - ( ’ L\1 , ‘ s ’ i s i t t - o l  ,- \ u t t o o ’t j c s  i ii’ mi
pn’ og i ’ : d mom u p o l m n t c ’ _ ‘ I ’ hic -  mI g e- t i d mi to m ’ t h i s  t - i s i  I w’ mn s m is  i ’u l l e t w s :

9: t S I h i m i s o ’  2h ~ 0 ) v en’v i e ’w -I . , \ _  Se lo w mnm’ i .

9. I S C e - I t t - n ’  1 ~~~ mu A _  ( moss

I l l - I S  N N 7 7  S t m n t u m s / h  m t b  ‘Fou r -‘u . I .  ‘l ’ r u b m nn

1 1 :15  h l i g b o Ac c-n ,mra cv M I ( ’ l ~( ) N  -I .  ,-\ _ Schw me r z

3(0 1 S.\ /I- (‘( )M I’mn rti cipati oti ; . I-;. Uunvon
in H i g h ;\c’c’U rmicy M I C R O N

2: 34 )  R i n g  J , m em- , c - m  1° . ,- \ n t h o n v

)n 1 ~ (It i’oug h t 2 ( 4  -‘u ugunst  I ¶ 17 5 , (‘ ap t .  \\ ‘a l t t - i’ I ‘e-t e ’mso n and ~c1 r. I) av i d  Plc -va of
A I- ’\  I - \\ I ’ ,-\ I” 13 ‘s i s  i t t - d  , \ u t c o n e t i t - s  for  (ho e  fi rs t M m mi se- 2 13 j n f e i m n m m n l  cIt -s ign i’ -t - iew. ‘I b is
r n u - t - t i n g  is disc ussed i’u r ’ (ho e r in  P: ira 6 1 _ i : i . I of t h i s  re-port .

o ~n 25 , \ o igui s t  1 ¶ 4 7 5 , \I  r. Russc- ll  S hi e t  me ” - , I) i rector , \ cquisi lio n mind SUppoI’ t
I ) l m lnnin g ,  ( ) f i I  C t’ ( I f  Se-e- re Un mt of Defense , t - i sit e ’ d ,-\ u t on -t ic s  for mn ge-t ie- n’al c o t - c- m t i t ’w  of

t h -  Ml ( ‘Ut IN program. The- mig e-nda for (h i s  ‘~ s i t  ‘s t -m i s m i s  fu l l  envs :

2 :001 -‘u r r iv a l  H,  , \.  Sac -ke -t t

2: 15 \ I l ( ’ I 3 (  )N 13€-vi e- tv -1. A . Se-hw ~m r i

2: 15 I- ’ S( I - ac -to ) cv ‘l’ou 1’ I I .  I -— I 3u ti ll)

3 :15 M I C R O N  L abo i -mi to rc’ I’ou r r  - J .  A . Sehwa mz

3: ~ 0 ) (‘ Os t o) f ( ) wne r’ sh oip ‘t ’ e-arn h~. - I  - 
( ;ib son

1” . U. h ail
5 :04 )  A dj en mt’ r i

c ( ci nu n o t e - m i n i s  i’c-qut’s Is by (h o c 13— 1 l ) i t - i  sion of Rockwell , S.\ (‘ I I  c -m tt l qu m t i’t -t -s ,
and ,-\S H I1\ ’u ’, b r i e f ings  ‘st -c- i - c-  g iven ofl t e c h n i q u e s  to cons t nm -t mm hoi  gb a,-cu i-ma’\ ’ t m a ’ s i g m i t i  on
svs k-rn ci I i ?  I v ing  l S (  . M l ( ’  U( IN s t m n t i e s  briefi ngs ‘sc-c- me given mis background i n h e ) z ’ m a t i e ) n
to s tme w gr e) t t -t l o to precision nmt s - ig a t i  cm svs terns. Althoug h h o t  Ml ( - 11 iN  fu nmc k ’ o I , the-
Ici l lo w ing v i s i t s  more n-laU-d In- n’c ’ due tot thei r  re la t ionship to ) Ml ( ‘t1 (  ON -

I . M n .  11. ‘ci . Sc h iu be- rt , ‘ci i- . ( - \\‘. Smi rgent , an(I l ) 1 .  \V. \\~est 5-isi ted
the 13— h I ) i v i  SlOfl of Rockwell  and br icfe-d ( hot- fol lowi n g p (sr soflne f :
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I1c i i  I l ( - I I d o  — I ’ n - o - s i e l c ’ mm l
I I .  U m o i L i m i n d  — \ P I t o g .
I . .  I - : cs c ’ — h - tog .
-F. Pi -n ’r ct — I- :ng .
-J — I tacca 551 — I-: mm g.
I ’. - ‘u.  ( l t t e- —

- \Vc h m cy e  n — I-: hog.
11. I- ’ roh o t loa n  — I-  rig.

• ( ‘ c - mi tt - i’ — I ‘n ’ oci,m n ’ e t io e -n t

2 . ‘c i i ’ . ( .  \ \ ‘. Smm h - g e- m i t mn miol  ‘cli’. I) .  U. l- ’ r eeland t i o , z i t cc h \\‘as ho i ngto ii , ~). C.
a rid It  Fl c-ted the - h e i l l  o w i n g  pc-n’s onuie l

I - ( ed U. I ewis — Nl3 ‘l’( )

I - ( uI \Va m ’n o c- r
(‘ ol - l- ddi ngte )n
‘ c l i i i .  1 1 .  l lm t s s o

I ‘c-t i t :lgon

( ‘ i i . I .  l- ’ red t’ick , A I - RI)QSA
I. (‘ul ‘ci. l l m t tehi , ,-\ h- ’l1l ) ( ~SA
‘ci r . U. ( ) ‘ l )onet hu€- , I ) t ) R &  I ’
I , ( uI 13. Zic ’rr t i c -k i  — ,\i r Staff
I ,  ~‘~~l C. I - : w - m mle l  — \ i  r S tmnff
I ,  ( ‘ cc l  11. Lat ea — ‘u i  i’ Stai ’f
( ‘ cii . l- . De- A t i e - s . t S,\ I” l ) l ) I 1 c ~- I”
( ( ‘ cc l  I .  \\ i ecch ~~, I — I l  ,\ l :l11 )

‘c i i ’ . 1) ,  ‘ c l c I—~m l m itma , l I ( ~ . L S , -\ I-

‘c l i ’ . - I . \ . S - I o t t m i m ’ ,  m u t e - r i c h - c l  . \ ( ; , - ‘(l~ h ) o - - : 4 t h \~ i c c o m i e ’ s I m i n o  eI ’l ’ e-u ’ b o r t i e m e l  ‘ c I c ’ u I i e t g
c o t  - -  \ 1 - l i u n , i  \ c ’ - o I r m I c ’ ’ s  I ‘st ( co— I \ m n t  i g :c t i i c e t ’’ S c - p t i - m o o h i e m ’  —‘ I b o m’ i c i i g ho I i  1975 j im Sm n n c l t ’ f j e m rch ,

- .\ ~im i~c. - r  i ll \It ( ’l~( iN \ \ : e o —  h t c - ~~ ’ o t i ’ I I c c  t h i s  n o e ’ c ’ I i n t g  ciii S c - l U - m I t e - i ’  -
~~ _ ( ‘ c o o —

,‘— i h c - i ’ , c  t i c  - rio t c - i c  ‘ m — u t :  s i  ‘sc l iv t h o u -  : m u e i i c  - 0 0 1  ‘ in t ho e ’ h i e m ’ f c m n i m i  ‘ O d e ’  e l m e t m n  c i io  I l o t -  \ 57.\  an i c l
i o n ‘h - lcitv c - c e— i b c t c i t ~~~l c i  ii —vo— ~I c- nm i . ,\ c ’ecn tm iet ‘su m lo- ’ c ’s t; i tchishmt - cI w r t h  en  e l e c tm ’c c s tm e t ie

i ‘c l i ’ , J c - — c - j l i  I m i I l I i ’ t 4  t r c c t o i  l- ’ n —:n tm c ’ e ’ ‘st b t i e ’ h  n omm \ I c - m i d  I c c  t u n ’ t l t c - i ’  I t t t ’ic i ’n i i m i t t c i t
- i i  - - t h e -  h i ’  e l .  I c  cu t e t i i l t : i g c  - g t ’ m i i l i e - r o l  c c l  t h e  c m n - n t tt n i o i t o t h o u -  m ’otor’ p late gap.  ‘l’hie

1 111 1 1  I d :  n c  c l i  i o u  ‘ c i ,  — ‘ I m i  i l l -I :n I h m m t  ‘ s t c  - s l o c  c e i l c  I I~ - m l l d c -  l i t  o- i gno i t  0 1 - m c i  o h  v m o e  r ’ c - :e s tho u-

t i i l t : c g . - g m ’ m u c h i c - i o t  m~h~~c ’ s c -  t h o c ’  1 t c d t  l e t ’  mn i e - m - e c — i n t e , l o  ‘ s m i l e i t ’  w i t l t e i t n t  c x ~ce r I e i t c _ ’ m t o g  I ) n ’ c ’m ike lo lweo .
I t  - h o i s  i s  s . ‘s t - 1 1 1 : 1  I c c ’  :e  I d  - l i t  i n c  i~ - : 1 — - c ’  the ‘‘ 14 ’’ cml  I m l b 1  l i t  ~

- c i t  t h e -  ‘ c l i -  S( t i m ’  ho i gh c - r
‘ 14 ’’ ; l 1c p I m c ’ : i t I o e o ~. I - n i - t i n - i ’  c h i s c ’ i i s s i c c n  c i i ’ I b i s  e h m n e ’ : c c ’ t c ’ m i s t i c ’  w i t h  Mn’ . ‘I ’ m t i l l e ’ I  is h o t - m i t g

Pu I ’ l i - c  I -

c : e  S c - 1 t - ~~~~t - i - 2 ’- m \ S t )  b o e , s t e ’ i I  ml g i c v i ’ h ’ n m n m e ’ n t , inoc io ms t  n ’ s  t ooe ’ e - t i e l g  oil t h e  S t m i m m c l m i ri h
\ m m ’ s  g :e t  d in - i ~- h c - e i i c ’ c t c , n m . ,\ - l~_ ‘l i - emhe m nr o , I ) . I- . .  Shic r t t ’ m i l gc ’ . e r i ch  1 . -\ . S c ’ I i t v mt r z  n m i l e t t t g

‘st ilt l~~- Ie ’ I’ :I I t I : c— h i ’ c o i i  in n ’  l )mc ’s l i i i  ott i c ’ c - ~ mctt c-u cle-d Ib is Iii - e - t i o i g _  ‘I’h c- Put— I c e -u - ccl t h e—
In c -i-i : i g  t c : i , — I i -  \Sl) te , t m inio i limur i , c - itocb u stt ’v ct i t h o  but t  the -v exile-c t tnt c ’ ’ sril ’ se- the - St iI

Nat 
~ I i ’ ~ - on ~lt 1 - c h i l l  ii i I ’ t i i t O  t t i t  l i i i  id I si  n t o i h m m  1’ tic time’ tile-Chic I (- 10 0 1 1 c’s e’d i t t t  I h -i c- ,~ l1 N ( -

SIH’ ’ Ion ’ e’t i ioi tio -rc’imih ml n Urto- ii m n\ lg m i tc c t ’ o’- . 4 l~ j u ’ c c n o i m c ’ i i t  5 (cri  t h e  u tmt ’ r e ilI \e-t ’sjeI ii cii ’ the

St I N:it’  Spe-r ‘s’s i-n - c- prepare-cl lot’ su bm i t  i t t m i h  I t )  i\Sl) liv I le - I c i l c c - i 2 I .
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‘c l i ’ , l ) : c ’ s c ’  h \ l c i t o , c c i  N , \ \  ; \ 1 l 1 , t ’ i s i l t - i I  t h t c  h i m l i m t  m o  :3) S c ’ I ; t e ’ t o n l c c - r  1973 , p n i m t i m n m ’ i l v
i c c i ’  t h e ’  Pu i ’pu—i - ci t ru-v ie’st lag nu n’ o’i t io 4 l m l s i -n ’  gv ret c -i icc n’t s - \VIo i Ic- hoe- me - , h oe’ i ’ c- c f ehi ‘ — t i-el
: i mmc t c c - d c it - c - el :1 l e nIn ’ oh h ot ’ \ll (’lt ( IN I m e h c c c m - :i t e c r v , h 1 o i tm t s o t t  d i sc u s s i on  on \II(’R( iN ‘ste -re-
t h e ’  ( e ’ tl c i ’  h’ c )  slmI ltmo - o : e t oe h I lie- h l e l l om oi mi n i’Ijg het I c-st r’ c’ strl t s~

( I t o I C i(’Ic c t c ’ m ’  l~~i 7 , c , ‘cit . i .  I’-.. S ’ h c m i e ’ r ’  m i t o c h  ‘ c i t . ( _ \ ‘c’ . S:c m’ g e ’ni t  t i — ’ s i t c - c l  I t r ’ i g m n i ’ l i i ’ m ’
o i e - n e-i’ : el t c : t t c e s c c n  mit .\Si) imo l )m it’turo , ( O h io . I ho- (t tit’ ~c c c~ i ’ ccl t h i s  cis i t ‘su:c s Ic c disc uss
lit :i l )h )li c ,- :lhd i l it ’s ’ cm i ‘ci i(’ 134 IN to I lot- I- ’— I h l’ m’e g m ’mnm ii m m d  I lot’ Si me nodi m i i- el N :nc 114 : 11 on’  Pm ’og mm ui oe

mnroch ;css ccc’ i;e te - c i s c - I o c ’ c h u n l o s _ ,\ h ’ _ -\ I ,  PO i’ 5~) n0 iu ’ I  p m n i ’ t i t ’ i p m l l c  e l  iii I b i s  chi ~ t -ti ssi c cro .

IA. (‘o i l . Ilec v \Vhi tc’ nm - id ‘cli . It oh; lt: nI ’ se-m ’, I ccit ho oh t hoe ’ t .S_ ,- \r ro mv ct I t . \Ioninoou utfo ,
\ c u\ - i e - n ’ ”~c - t , ‘ s i s j t c c h  ,-~ e, i t c m t i e ’ t i c ’ s  c oo 2 ( i e ’ l o i h c i ’ t ’ P i T - . Iii’ c l j s - u s s i c t n t  - e - n o l o - n ’ o -e l  on t h o t -  h i g h —

: i e ’ - ii t’m e t - v  ‘ c l I ( ’ I 3 (  IN s’s’st c - t o o  m i t m i l  I od ) l t nt i m i l  A m ’ t i i  f c c  t l i e ’ i p m n t i u t o . It \c m cs ge - i oc ’h ’ m i l l v  :cgt ’ o- t -c h mI t
( l o i s  Ol e - c l  j ag l i mi t  t hou- i- o c t m I t  c c i  N 7 7  svs t  c - t o o  tu mi s  I b c  - f c c - t I c - i ’  m m l t e - m’na l  c ’  I i’t ’l m i t i to ’ t e d  mi r ’c c t : i t e - e I
N5 7 s t s t c ’ t o i )  t ( i i ’  a h i g h  : i d ’ e ’ i t i ’ m i ( ’ t  t ’l i g h o t  c - S t  c I o - i t c  ‘ ie ~ t i ’ m l t i c i n ,  ‘ I b i s  m i l t c - m n : i t e ’  e d i c t’ . — l : c s l
t ’ i - : c c - o i e d n o  m oo ch I c i n g — t o - m i m i  s i : i h i i l i t v  c m c p m e h c i l i t t -  m es  ‘ s u e ’ i l  m is  m i n e ’  c c c r o o p m i c t  st- s t e — t o t  p m n c - I ’ s m n g i n 1 4 .
I lie’ n ’ c c l : ci c - c f  N57 m lite-rmi m il e- o t lie-n’ ~— m mp h ) i’ e i x it oi m ult-l v :c 5— io oo ntt ho c-mi i - l i e- i’ uk-nio onm st n’miti un , hcnt —

o ‘ c i ’ , the- .-\ r’ri o ’s-, Ions no m’e- (1ui ro -m o it- n i kim it o - : i  i ’ h i e -  i c fo ’noo o ri st i- m i t ion .

l ’ hie- l- ’inm m el h - c -c E u m e l u m e t i e i t ’ i h t e t m n t ’ el ‘ l e t t i n g  m m d  1) e - s ig mo R o t  i ett uf the l ’l om isc- 2,-\
(‘oct01 m’ m l ( ’ t  t \  I S  lou’Id it ,- \ u m i e c m i c - I i c - - ~o on 1 I h o ro ug h o I ) c t ohi c ’r  1975 . l ’h mis  m o o c e - t ing  t c m i s  p i e —
pot m’c -:b m I n d  (‘d )niclu (’I c c l  e m m  I > l o m l s o ’  2~\ t un n ocl in g, ‘i’ho c’ mog endm n icc m ’ this io io et ing  m i n d  t he -  l i s t
i i i  i t t o-nile - i-s is l)t’c - s c iO I c ‘ c i  in Rn ma h . I - I . I of t h i s  t’c’pon’t —

,-\ i mo c i n ithl t ’ inlon ’i o imcl n’e-t - i c- ut ot t in- P h m e s e  213 st :m c ei s ‘sc -mis he -lel oh 10 ( )e’t ubc-r 1 ¶ 4 7 5 ,
‘I ho c- .\ l.\ 1, m o och -‘u l- ’I ’ I1 (  I m i t t c ’ m o c h e - c - s  m it t h i s  r - t ’ i e w  w c - m ’ e ‘cli - . F.u’om’ ge- lh i no c -s , ‘ci m m i . l3 ogc-r
I t m ’ :i n m il l  , (‘ m i p t — \~‘:i II Pet o - rs e imo , (‘apt . Ron -bm u imus ko , ‘cli’, ~J i m o  (‘ loin , Mm’ . I ’hoi  1 E i gt i o t m ,
mend ‘ c m ’ . ‘ c i v n ’on o l’ i d h mnvniv. ‘l Im o- m e g e- nielme l i i i ’  t h i s  r e v i e w  is pm’ e-s -n t c - e h  in  P m m m n  I ; . I . 1 . :3 . 2 .

‘c i i ’ . R m i v  ( ‘ h u r l , ,  t r o to o  ( h oc-  I ’ . S. A m m o o  l’ (’ ( )M , ~i s i t c - e l  A u t e m u - t i e s  on N e cvc- m be- r 12 ,
l 9 7 , c  to ;  c h i s ( ’ t m s s  ( h i t -  bo i gho m l e e u m i ’ :c -v ‘c i I ( ’R O N  i n c h  P e i s s i h ) l c -  -~ i ’ioot’ p:ii ~ i e i p m u t i o n m  ir i  t h o m e t

f i t  c ’ I i c p m i i e n t  p i ’e c g i ’ :i e i o . S’i l c s c ’ e j i m c ’ n  I \ ~ ml i m i p  ‘s t : I s  m o o m l e l e -  t o  I - I  - ‘ c I o i m n o o u u t h , Ni ’ ’s ’ s - I c ’ t ’ set , h t v
1 . ‘u . S c’ i t cv m u n’i., I i , I t . l- ’ n ’ i ’ m - l m i n o c h , m i n i o l  . J .  ( ‘ _ I t m i m’r u i t  m i l l  c i i  h1ece k t c ’ c - i i I  : n l c o m g  u t - i t l i

( m i l l . I’ i ’ t u ’ i ’ s c c i i  m m c l  \ l ;i~ c c n ’  h t i ’ m n n e l t  1 o f  ,-‘u l- ’,- \l ,i t i c  h a - i c - I ’ t h e -  \ ,- \ V ( ’O N  m m m c l  l ’ ( ’O’cl I - I ’~~~~ -—
o i l  c c l i  ‘cl h ( l3 ( IN mind  t u n ’ I b t t - e ’  c h j s ( - l n s s  :\ n ’mv I~ m i - i i e i p m u 1 i c d I i  i t O  t l 0 t ’  l t i g l’i : i u ’ d - u l h ’ m l c t ’  l c m o c g m m l n l m .

‘ h ’ h m - ,\ m -n o ’s i cc  - m’ o-onoi oc -l l im it c -  mniefie : it I me des i r e -  to hcme n ’t ici puIe’ in tIme- NT7 U St - ste-ill leve l —

c c h i f l ’ l i ’ l O t  t h i s  f i s t - o i l  v i - : m n ’  m i n m o h  i i i  I l oc -  t i - s t  i n t g  c c f  t h o n i  s ’ s s t e - r n  n ex t  \ c ’ : l i ’ . I ” i r i m m l  d e t e ’ n ’ r n i n o a —
I t c i n i  c c l  I t - i t - in’  l c m e r t l c - n l m m n l l e d l t  ‘ s t - i l l  d I ( ’ l d e - n c l  ( t im t h e ’  c c i i t d ’ c l t o c ’  i i i ’ t h o u ’  c u r i ’ e ’ o t  s c - m u m - c - l i  l i i i ’
( ; l - ’v T m ;  f’ u m n c l i n t g  t h m e t  l i e -v c ’ c c n l c l  m i p l t l v  t i c  h i g h m i ( ’ cum n ’ mi ( ’ t  ‘11( 130 iN ,

( O n  N c c ~ e - n o i h i en ’  17 , 1973 ‘cli’. ( . ‘cv . Sa t ’ge’nt pre- se-n t t ’ i h  t I me-  g e - m o o - r o i l  ‘c l l ( ’h U  IN
t : i n m o m l m m m n — n z m u t i u t i  o — t m m t o e s  i c r i m f i i og  t e d  m u g r i c u ~i of I t r i t i s h o  l 1 i c ’ s m i l  , \ i n ~ l- ’ c c t ’ e ’ c-  ‘s i s m t e t n s  t t’ Io i i
\‘s c i ’ i ’  t o n m r ’ i r t g  t h e  c - e m u n t m t m ’ ’ s  m m r o e l  i’e - v i c tt i et g ‘ m m i ’ m i ’ i i t  m l c - m ’ c c o _ o h c m m ( ’ c -  n o - - t v  t c ’ e - h o i i c c i c c g ’ s

- - h i 1  m n i e r i t  o- .

( Ifl l ) o - o ’ e - n o e l t t - r  197 5 . lO t ’ , l ) m i v i e l  ( ‘ io m c t ’v on oi m u t ;t ’ i ) l ) 13 & h - v i s i t e - e l  t h e e ’ i t la t i t  f ccm ’  mon
( n l s h m i t i -  cc i i  s i - t c - i ’ m m l  t c c h n t i c l c g v  : l i ’ m ’ : c , s , i i i c l i m h i i og  M I C I 1 ( ) N . l I e -  u t - m i s  g i ’ s -&’ri m i g - o i m ’ m m u l
c i h ’ u ’ n i i m l t i o o i  h n ’ i e : t i i i g  ci i i  t I m e Ml (’ 11( ON 11 n’ e i g i ’ mt n oo m i t i o l  the  ‘ c I l - St t c e h i i i e i l c c g ’ s  - l I e -  w a s
i ’ s l i c - e ’ m : l l l \ -  i i t t i - I ’ m - --- t e - c h  i i i  t i t e -  ‘c l I - ,S( i m o i c , n ’ n o m i t i o t m o  s ince he - ‘s ’s ’cc i ’ke ’i l  h u - m ’ t -  w - i t b o  , I e c -
I i m c l t i n g h i c e i o - ’ e -  I I I  i i i  12 ‘ s e - m e l ’ s ago c i t o  t h e -  c - m c i - I t -  h’ S( e f f e i i ’ t s .
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A m m c , t l b o i v  i~o f c c m ’ n o o m i l  h u h o m m s e ,  2 1 3  s t : l t o o s  t ’ e ’ v m i - w  w a s  bo e h c l  m i t  \ i e t c c o o m ’ I ~ c ’ s c it - i
m~~I I  I i - c ’ c ’ n i o h d i ’ I ’  ~~ m 7 5 _ ‘Fl o e- m i g - o o d l m m  l c c r  t h i n s  m’ e - v m e - w  is i n c ’ l t i e l u - m h  i t o  I ’ a r o u _ 6 . 1 _ I .  3 . ’ of t h i s

re -p cI . I b oc n g t ’ m o c l ; i  i n i t ’ i m n o h e - e I  i d l l e i ’  n t i i i o — c ’ i i m o i m m c e t e e m m l  i - l ’ l’i i i ’ t s  ( 1 1 1 , 4 ; , N 7 7 _ ‘ 1 c m  :11 .\ l ” \  L’ s
t ’ c c ~ o Ic t _  f e c ’  \ h - A  I : i t l c - o e i I c ’ c ’ s  o i l  t l o c ’  i’ c ’ t i c - t t  W i - t m ’  ‘cl : i j c c n ’  I t r ’ m I o i d I t , ‘ c i m i l e i m  l3 m i n ’ e c h m i ,
I : ip ’ . I 5 ’ h - n ’ s c c : i . ( a pt . . I m m n u i s k o , m m n t i l  ‘cii’ . Plo d l- n g n o i i t ’ .

c i t  , \ c e’ ce _ b l m l d ’ c ’  ( c o p c r m l h l ufl I c i - r s i 0 0 0 0 l e - l  ‘ s i s m t i ’ c h  Hi m ’ , \ o t m n h o c u m r - i o  f m u c i l i t v  i c n o
1’ l i , 1 i - I l l I c i t ’ ~ m 7 . - , l im e ’ ~dt i t ’ ~~d c ~~sc ’ ci  t Ime ‘ s ’ i s u t  ‘ s t o e s  t i c  g o - h  : 1 1 0  e n h s h m h l c ’  u i  t l o e ’  ‘ c I l ( ’ R L I N

~ i’:i no l o t ) ci  t i c - ’ ~it ’ ccg m ’ m l n m s , t e - e b o l i c d i c d g i d ’ o - - e s  t h e - v  mi ght i’ c - i : e t i ’  c c  t i m e -  l n m t c - r ’ i n o o  t ’ p~ c d - i ’

I ~ i’~e i t i , I h i t  i c c - m e ’  g n ’ s o ’ t t  t o o  d c V m o t ’ V j c ’ W  h n ’ m e f i n o g .  s i o d d w e o  t I n ’ c c n m g h  t ime-
l : i t - o ’ . i l i i r ’ s , h i c e i t ’ c ’ c i  t b o t ’ c e g h e  h o c -  ‘ c i i  5( l m m e - I c m m ’ t _ m u n o c l  h 4 i t e n o  mm c l t ’ I ~m i l c - c l  i t i ’ l e ’ f i t l 4,~ dn t h e e ’
‘ c i i  ~“i i s u i ~~1 - o o ’ -’ e c c n e i - l e - c ’ I i ’ i i n ~~’ ”- , c c i o t ’ - i o b e ’ i ’ m i b l e- i t i U - i ’ m ’ t  s m - e lli S t o  h m m v c ’  I c e - e n  g c - o o I - i ’ : e t c - c I
I I  \ i ’ —~~: I e ’ i ’ ( ‘ m i e ’ t , ’ : d i e i oo i i i  ‘11( 110 i\  i c r  I I  ~

m :o — - t . c ~ i i t ~ m i ’ ’s I : - , ‘c l r .  ~I , \ .  S - b t ’ s u : r , ‘s e s e t e c h  \‘c’: i s ho m n o g t c c n o , h ) ( ’  t t ;  L t l c e i : n t c ’  m tnoe l  c cc
e t c 1 i m ; i i o t t  -‘ c - t i  i ’ ; o I  m c d l c u r t i s  cc i t b o  e l m n ’ t ’ c ’ t - i t  ‘ c I l ( ’ i 1 ( ) N  l d r c g .1~m un1o s t : e i u s .  1, 1 . ( c c l , l t e ; s k i t m ~

: c ~o c f  I I , d -I . - t ~~ b o i - -’ c c ’ o  i t  ( t i c  i c - - p : i i ’ I i : o - o t  e i f  t h o t ’  \n ’ not -  t t e ’ i ’ , - m m c - q u : m i n o i o - e l  t u ’ u t h  t ime ’  ‘ c l I ( ’ I I O N
b o 1 4 n’ : mt io , I ) i o ’ — c  I i ’ — ’— i lO i ’ c ’ ° t t~ ’i’ i ’ d I  ( d O c o— l h t ’  m e t ’ c c o m n c l  h oc- l i i g h m ceu’ um ’ : i c - v  s\’ s i c - t mi i c m r  , \ n ’no v

: 1 1 1 1 e c - : u ’ c O i l - ’ - I I - 
( ‘ i i i .  t i c — l , i n i g —  - c i t m t u n c l e  u u : c s  t i o o m t  if ar m c i rc l e - n ’  ccl  n i m m g i m t t u c k -  muec ’u r m uc v

1 1 1 d m ’ - ‘ s - h O - - i !  c - I t O  c c - i c c 4 1 , I t ’ i ’ c i  c - i ’ i c o i l v  ml l c d  I c e ’ n’ ( ’ t - h i t  m n m e , ’i ’ e ’ m e s e ’  in  ec iS t , t h e u  ‘cm iv ‘ sv u c u l d
I c u t  h -  t o i g b o . o  c o l i c  ‘s c i  - n I c  i i i  — I I  ‘st ‘s ‘ t ’ _ c c l i  I hoe ’  e i h ) ( d t ) O ~ i t t ’  s i c R ’  of 110( 1 u - c c i t t , I m -  i n o c l i o - m u t - c f
t b o c t  ‘sc m - t i l t  1 o ’ s i ’  s i g ’ o i t  i i  c i ’ l i i -  ‘ b u t  i i t c h o —  in e,’ cc n O \  la c in g t h e m ’ s c m ( d e r n c m ’ s  h o  h ) uV mL fl ’ s ’  p ie c e ’
c c l  c ’ s n c i n m i c —  ‘ F c I c’ c i ~- ! s  ~ I c , d O d  l ii’ m m \ t ~mo o v : m i e ’ - i - m m f i .

t w e c  I ,~~ . N : n t ’ s  o t t m c - c - — ‘ s u e - r e -  t O - t i c - c l . ( ‘ : c j t t . S m ’ i b e m t  i ( d l ’ N : ~ \’) ‘ svm us’ mic - qu mt i t i t e c i
‘su e t h  ‘~l I 4 , ’l~e c c  : in i l  i n o c h i e - c t c ’ m )  i o i  C d t , - i - c - ~~h in  be ing L e l i t  u h ) c l m u t e - c l  t i n t h e  s t a t i c s . h l e o  cu m u s
c ’ : e r m i l i c h  l o t  — l e t  l~u g I b o : i i  I i i -  ‘ 1 1 1 1 0 1 t i - c - s i - c -  N m m ’ s ’ s  mc i no e - v  going it t e c  ‘c l l ( ’ l I ( ) N  c h c v e l c c p m u o n t
i i i  i c ’ct c t t h o m ’  \ m n ’ s ’ s  I i e l i ’ s e l h  c c i  h 3 I , ( ’~ v s t c ’ n i i -~~. but  loe s - e rnei h o bj e c t i v e ’  t eiw a rc h t h e
II l , L ‘ c i t ( ’ l l i  t N l’ ’,,o, n’ : m n o s  m o d  i r t c b i u ’ m m l e - m h  t b i : e t  t I o e -  N m m v v  w e t u m l e l  b tt~’ ~i mcielue , o t i eon m ‘c l l ( ’l ION s
li i i ’  N : u ’ s  j n ’ d c g c ’ : e b o i ’ - i i  I I I - ‘ c I l ( ’ l I (  I N c f c - t e ’ l e d h i n ) i u ’ n t t  j i i’ i i g r m m e o o  is su i e e t ’ s s i ’uil  ou t i c I  if t he  st-s-
i c - n o  s : i t i o — ) h - o —  \ , n l , u  m’ ( d i e i e n ’ e~( 1 o c l 1 t o ~o _ ‘c i i ’ , ‘ c i c ’ h h m n l e -  m m i t c h  ‘In’ . I t u i -n s  (h o t h i  oc f NA \ ’ ,-\ l l i )  tu- er e

o p c i : c t c - c h  m o  \ l I ( ’ h I (  ‘N. ‘I t’ . ‘ c l e - I l m i l e ’  m l l ) I t m ’ m d i ’ e ’ c l i m l t e - m ’ d ’ s t m ’ f in  \ l l ( ’I I e , ) N  l i i i ’  ( lo t ’  I ” — I ”
m lp l) i  i t - m i t  i c c m o .  It  I - i r i s I c a t  ( l i m i t  ( h o e ’  N 77 I ‘c i t  - is  oil  iii c s t  c ’ x m m e ’ t l t ’  ( l i e-  sa not -  f i o r n i m  f o n t - to m mis
thee  l , i t t c c r i  [tmc i t  I - N  I~I ) w b o i c H o  ‘ c I t .  ‘ c l e ’ l h~, l o ’  i n c h  a t o o o c h i n p  c f  in loi s o f f i ce ’  : i tm cl  wl tic ’ h
; c p p m - m i ” m - c l  t o m  l i e -  t h e -  I ) h m l n t t e - c l  I N S  i n ’  t h o c ’  I-’— I ~~ . ‘c l i ’ . ‘ c I c - h I : i l e -  i n i d i e m i t e l l  ( l i m i t  ‘ c k - u ) o m n n o - l l
l ) c n n g l m e s i s  u - c c i o i i r i g  c i t  uc i t l e  ( h o e - i n ’  I- ’ — I I N S  spec’ u t  ‘ c l m n n - c b o  m m c l  t h m n t  we o - c o i l e h  o b t m n i r i  m m

C c  d I ) ’ s ’  t ’ t ’ ec  In ‘ci C I Ii i i o i o i  - I I I i c o i g i  : e ( t oo - tm .

( u i .  t e c ’ i ’ ~i t c ’ t - , m  i n ch I t . (‘ c c l. I ‘ stmmi ih I h h c l e l t i ’ s  t S \ l ’ ) w e r e -  t ’ i s i t e m l  l i i  I t - I  t h e n— i kn ont ’
‘sue ha i l  c c - I c - c l  un l I d - e m ’  s i i g g m - s h i e i n  I c c  u - q u m m u i n o t  l i . ( ‘c c l .  h t e t s k i n g  na i l  ( ‘ ap t . Siebc i’t
i ( c c i . ‘/ ,ic ’ n ’ n m i e ’ k i ’ o- e c c i e l i l c - t ’ j c : o t ’ l s  i t i  h i m -  1 . 5 A, ’ n oi v m m m cl  ( ‘ . 5 . N : i v v  rc-s p ce ’t i v e lv )  w i t h  time
‘114 ‘l l ( iN  I c i .cig n~m m n 1o _ \\ Io i i i ’ t h e -  i’ d ’ , m l I c i ’  i t  mr ~m el ~m t m - ( d im  h d h ’ c g m - m i n i - i  s t m m t  i t s  t u - mis gmvc r l  1 c m
( ‘ c i i ,  7 u r n  ic - k i m u n m i l  1, 1. 0 ‘ i c l , I - c u m i m i .

e n ~ - I r o n i r o t  l’\’ 1 17 1 , ‘c i i ’ . I ’ . K ,  Sht t i le ’ i’ , ‘Ic. 1, N . S c - h n o o i o l t , ‘h r .  4,3, W. Smmn’g e ’m ’m t ,
m o d  ‘cl i’ , .1. i t _ Sc ’  I i t c : o t ’ , m m t t A -n d e ’ c l  a m o t m - e ’ t i t t g  ‘sv i t h o  A S h )  11W , A I - ’A l , ,  A S h )  I - :NA , mu’m e l

ASH X I I  t tn pm ’ c’s e - n t  i c i m m ’  l d l m i t t s 1cm ’ ‘11( 110 I N c le ’ \’( ’ l m ) l ) t O O t ’ t i t  t ip to) pr oduc t ion  mind to cli  scu~~
how tii i s f i t s  w - i t i t  I SA I” p 1 : i ion t iml 14 .  ‘ I ’ io e -  i c u t e - c  m i m i c ’ u f  t hn e  n o e ’et in g ‘s vm is t b om m t AS I ) 11W
i f l ( h i ( ’ l c t i  ‘ c i  t boc - ~’ ‘s u e - r i  - nut  r ’cu n o m i n t e n d i n g  m m h , h fum n eh - ei ‘ci l( ’lI ( )N P rc ) gn ’on rn , m i t  t h a t  the
b t m i c i  to g e t  t i t oi t  m’ e -e-o m o o i t o e - r t c i m c t i t , n t  ml h ) I ) i ’ i ) t’c (l by I Ic im I t i ’s A l”S( ’ am i d  I l do 1 tn ’ s I ‘SA I” he-for t -  it
in - c am.  - an A 1- ’ po ) s it i i ; i . In suh sec~uie nt I ‘SA I” e ,ro I~’ me e t ings  on tin s SUI )j t- ( ’t  on 29 ~la nummi r v

9 7 ;  AS H 11W tt m i s  m lp pm u r e -  n t lv  c m t t : i i ) I e  - ti m s i - I l  ( l i e - i t ’  re -e o t o i  n oend ation .  i’bt e- oni te -o m me of
( I nc  - 29 ~l : inu a m ’v I 9 7 m;  met-t i  rigs ‘sun s to p ems tpone - mm e lc -c ’  is ion on t hoi s matter for a fe- ’st - m - i iont b ms .
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‘c l i ’ . I c - c t  , h i i h t e  h o m i s  i’ e ’ e c ’ n t t l t  I tm ’c ’i o e s s m g i i c - d l  1 5  a t m - t h t i t u ’ : e I  m’ . ’ h m m ’ m - s t ’ i o t c t  c c ’  m c i

,_\ t i t c c o i t I t o, in  h o t -  l i i i l : e - _ — l - ’t \\ c c i t b o  m i m e . l i e ’  ‘ s I~~i l i - m i i l - i c ’  I m h m n h m t  2 2 — 2 9  ~1 : u n m u i m m n ’ ’ s -  P 17 1 l c d ’

i i -c - !o ~i e c ’ , i l  i e - e 1 o e : m i n t i ; i i t e ’ e ’  w i t h  Ibo t ’ ‘ c i I ( ’ l I C  iN I u t~d i g t~m I m .  ‘cl i ’ , ‘ l c m h c c  ‘ s t i l l  r e - ; m i ’ e ’ s m - i i I

‘ci I t  - I~~ I N  t i m  e ; - e -  ‘ n - i l  I )cn m i m i d - s . I _ ‘h ’\ , 1 m m  I 1) 1 hoe ’  i’ s it o I l i m i t  mm I’m - m n . h I m ’  tu e l I  a h i — c c  I n c h I c  m i t e - i ’ —
t a c o ’ uc i t b o  L i m e - t a g .  \V i e ’ i o j t m i , m t t m c l  ‘ c i c - I ) i m , t o i c - l l — I ) m i u m g l : e s . 51 I , i i e m m s  m i s  i’ i -d l i i i t ’ i d h ,

( d l i  9 l” e - h m i ’ u e : i i ’ ’ s , ‘ c im’ . K.  1 . ;ub sc c ,o :nnot h ‘cii’ . ‘1 . - Sc - how m i t - i  h d i m ’ t e i i d i t h i t o
io oi- m’i e oig i t  e L I : i h o o ’ n o e ( ‘ i t t  A i m ’  l o g o — l i e - s  ( 5 - t o t e - c .  ( a pt , l ° e ’ t m i’ s c c b o . ‘ c I A  I — u i — c c  po u t e d ’ —
b c : e t e c l :ms d i d  i ’ d - h i ’ s e ’ o ) t , c b ] ’ s c ’ s  c c i  \ L ’c l I ’ , h i c h e i h i ’ s  A I - ’ l _ ( ’ . m i i i m i  ( i ( ’  ,- \ I _ ( ’ . ‘ l ’ h im - I c e i i l ilcs i ’ eif

t h e e -  l i~ e - e ’ t i o g  ‘st O i s t o m  I m t ’ c c t i d o ’  e - c c c c i ’ c h j ~ i~m I i c , i o  h m c ’ s t m m n ’ m l  .\ 1 ” h , ( ’ 1c m i i ’ I i o ’ i 1 ; e h i i i n  ioe  t i m e -  ‘ l I e  I l l  ON
c l m ’ ’ s c - f m i l c t i c o i I  1 c m ’ d m g m ’ m I r o l s _  ‘lb l I (  iN d i t ’ e i ’ ’ s ’ i t l ’ su ’  (c i ’ t ’ s e l O i m l t i l ) f l S  wer e ’  m m m c l i -  :c ~~ c e o - I l  i s  m m
‘11( 110 iN ( c c s t  c c i ’ C duc ood m ’ s f i e l c  t i i m i i n t m i i n ~: m h t i I i l v  l c i’ c s c - I t h l m t i d d n o _ ( c (  , \ l ( ’ n i o : i c i m ’  c i ’ m - u ’ c I0 t ; I b i i d O t 0 ~”

m’ e ’ g m m m ’ - h l o o g  m — c c r i i m , ’ i i i ’ t i i c ’ j i ’  e’inm m ’ e ’nOt ~ii ’ccgn ’mnI’iis — e’ditl e’e i’Ii s. ‘l im e’ m i - s u I t  c l l i e ’  r l o c - ’ t l o l g  ‘sc: i~
; c g m ’ i ’ i ’ b o u i - ’ o t  t b o m i t  0 i ( ’ _ \ I , ( ’  ‘ s t e c u e l i l  se n l i h i e o i ’ t  ‘ c l I ( ’ I l (  I N .  ‘cii’ . I l m m h m o ’ n ’ t  ( ‘ : u l l m i g i i ; i n m ‘ s t i l l  h m m ’  e m t i t ’

~c d d l i  c c i  e ’ em n i i : m c ’ t  m e t  0 i t ’ , \ l , ( ’ . ‘ I ’ I m i s  ‘ s t - i l l  pm m ’ s ’ i c l e  ‘ c i l ( ’ l I (  iN cc e t h o :

\ o m ,\ I” I 4 ’ s i c e m n c h i n i g  h ) d dm i  mel  l i i i ’  i) l i i ’  i c t g i s t  i t - s  r n m m i r m t t - r t m e r m d ’ c ’
i c b o i l c i s m m i i h v  m m mc l  u - c m o s  i c l e -n ’ :mt  i ( dn m s

2 , ‘c lim e - m i n i s  h i m  g e - I  ‘ c I ” l , ( ’ C o m m e n t s  ccii  l o g I s t i c - s  n ’ o - l m c t e n i  c l c n ’ u m t ’ n o t ; i u i e m n

3 , A l ” I , ( ’ i r m j c u t s  l i i  Ol in’  l i f e ’  e v e - I t -  e ’e is l I d m e i ’ m i f l i e t e - m ’ s  i n  m m i i i ’  n i e ; o h t - I

I . A r m o e - mm i m s  1 c c  Lo ’u ’p i I ) i ’ t - m L s t  c u iTimi i l m h e l i m 1 1 0 ( ’ e ’ S t m I d p oiI ’ t  I m n ’ c d h ) l e fli s on ceth eun ’
f i c k l e - o h  I N S ’ s s i c  ‘sc- c- c -mo o m i v o i c h  t Ime  s m m r n e u  m i s t a k e s  eon ‘ c I I ( ’ l I (  IN t im mmt h oe-
;‘c F’ i s  e ’ ~ m~~c c ’ i ’ t o - T i c - e h o g  eon cu i ’i ’ t - n m t  s t - s i t - m s

.\ m c c r t t b o l v  s t i t u n s  m o o e e ’ h i n g  cc -mi s Re i c h  c i a  10 , 11 , m i nd 12 I” c ’hn ’u m u n’v  l i e T o ; . l ilt ’ l i s t  oh ’
m i ( l m - m o c l c - e - s  m end  : e g t - n m c l : e  for  t h i s  m e -c o t i n g  is  e ’em ’ s’ t re ’il  in I c m m i . m e .  6 . 1 . I .3 . 1 ol’ i h i s  l’e’po i’t

Hi’ . I’ ; I c h i c l n ’ s . l O i r e - c l o t ’  c c i ’ A I”A L, ‘s i si t e - o l  ,-\ ui tenoe -t ic-s eta  17 1-’e- b i ’ummm ’ t’ l 9 7 m ; . ~-\ Ii i ’j o t ’
I t o - m t  ne - cu  e c f  I d b i m u s i  213 s t o u t e n s  mms  ccc i i  mis  l l1~ - I )  ~m m ’u g n’on m s t : e t u s  w m n s  h d i ’ d ’ s c h o t e , c I .  Inoc ’ l t r e k - e I

e o n h i s  mi ge- in h a w oe s  a ‘c I I ( ’ I I ( \ St s i c - r n  L omb t ou r  m i nd  mmii  ‘ c lh - SG t’m m b d f ’ i c m i t i c m i m  :1cc-a t o m u i ’ .

O )
~t 27 h” c ’ h m i ’ t m m m n ’ v , ‘ c m ’ . Si e l  \V m’ i g i mt  c c i  ‘ c immmlin m ‘cI m ir i e- ttm m ( c o m I c  I I ) c -no t e n ’ )  ‘ s ’ i s i t c ’ o l

. \ i e t c , o e m ’ t e e ’ s  l i c  c h c s o ’ i e s s  t h e  I I ’ S  pmof4 ’l ’nm . ‘ c i J ( ’ l I ( t N  d d \ ’ t ’) ’\ ’ I e - ut ’  mm i i  b;mckge’cimii oc l iri foim’noa tie m
tt ’m i i -  I c i ’ m ’ s ’ t O t t ’ d l  i s  w e ’ l l  m i s  e l e t a i l c ’ d  d i s e i i s s i c m s  cmi ’ t h e -  \ I h - S( . ‘I ’ht s m m n o u ’  h o e h i  l e n in’ s as
I ) n , I - ~ cc - n’ s I d i m  c t - )  cu - i - n’ o - i neo l  t i d e-e l

S ’ s s h i ’ c c n t  i ) u nnc ’ r ’  P~o m ’ 5oi i i t t e I ‘ s i s i h e e l  , \ u h c m r m e - t i c ’ s  cm li 27 I”c - i i t’ uo i i”s- tom e i i se - ~m ss h t0 t cn i t i~t l
ml l c l i l i e : m t i m m n  of h o c - t i ’  m mc ’ t ’ e ’ h c ’n ’ c ;m c t e r  I c c  ‘ c i I ( ’ I I (  IN m m i i i  t i c  ( h i s ( ’ u t s s  m m s c ’ n o s c c r  ~t m o e - k m i g c -  he i r U se
cc i i h  ‘c i l ( ’ I I (  IN h e ;  s m e t m s l c -  t h e  I- k - e t r e m i u - m m l l v  A g i l e -  I l o u l m i r  i ’ e o h uni i ’ e ’rnc ’ n m t s . I” u m n ’ t h e ,-r el i s —
0_ ’ i r s s i e d t l  ito l m c m t b i  m i t - i - m i s  i s  i ’ x h d t ’ ( ’ t t ’ d i .

( ‘ e i l m t r ’me- l  L i i s l o , (‘ c ;rn rn m m n e l e - i ’  of -\~~‘c 1(’ , c ’ i s i t c e l  .-~ u t e c t o e - t i e ’ s  ( dm 0 3 Ma cco lt  1976 .
\ \ ‘hi lm ’ lo i re, , b o o  cc - m is hm ’ ic ’ fe el  emn n inny i i i  out ’ pi ’ogt’ani s, i m o c l u m i i t o g  ‘c l l ( ’l 1( ON , .\ genera l
c d u d - f ’ ’ s ’ j e - ce ’ ecf ‘c71 ( ’l1 ( ON cc mi s  h me ’ e - s m a l t e ( h  moo d mu sc ’ st em l och b lur  was c e i t odue t e - c i .
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t~~t i i  ‘ c i : e i ’ t ’ h i  i t i ’ I , ‘Ic . I ) o u ’  i d h \ : i h o i i  cml ’ t l t o ’  I r t i - u t i t i i t t ’  c c i ’  I I e - i e ’ i m s m -  ~o e ; i l c o - c e s .
is i h t m i  ‘ h I  o c t i o ’ h i c ’s . h I t ’  is c c  i n d u c t  inog mm s t u m e l c ’  i e c m ’  I ) i m l  I m m i o  t h o m ’  i - ’ m i m i d r ’ l m l t i l  i t t ’  ci ‘ : 0 1 c c  o d e s

t e ’ o - h u i i m m b c ug i e ’ s i -c s t e - u i — .  ‘c i I ( ’I l (  O N is  e l i t e -  i i i ’ I hoe’  — v s ’c i ’r o u ’ - h i ’ ( ’ i o ! t m i h c o g i m - o - - l ie ’  i s  ( ‘ d o b l s n ( i m ’ r g r i g

tn t  I m i s  s t e i m l v .  l I t ’  b o m i i h  I m i ’ - ’ s i 0 c i i i -~l ’s’ I l I ’ o d t  o l e - o h ens  c e - i t b o  m e ( ‘ d c l i v  o o i  h i t s  h d n ’ ’ i i m t o i i a m ’ t  r’ m ’ Imco ’ i .
h o t  l i t  t o —  h o i c ’ h  n t o o  R o n mt I ’ m ‘ l i d  mcI  — h o e’ i tii I uI i t - c f  I ha I t h o c -  c m o o l  c ‘ x l  cc c i t  i l  h e o c u m m i c l e -  c c c i i i  Id l~ - i i - n o n  m e - m u  I
h m m m h c c -I ’ s d u o  ‘ c l l ( I I (  iN m u n i c h  t h o m i t  i c c  d ’ X l u m i ’ n  ccf b om m i’c i ’ s t m i m ’ e -  m c - e t l ’ m e ’ m ’  s m ’ h o : i m ’ m u t t - h \  c c l ’  in mu c u e - a l u m

s ‘s ’s t t ’ no )  cc c u ii  I h ot ’  m m l i  i n t o - i l .  ‘c li’ . K mi l i i i  cc m i s  l i e - m e  I i i  i - c  c h i t ’ i b  c d l i i ’  I b c ’ : e s  0 1 1 0  I d d h d l l t  i i  m o o s c i a  I l i i ’
m x h c o m ’ I m e i i i i i i v  c i i  ‘ c l h ( ’ I l (  iN m o o c h  i o o m h i e : m t c - i l  I b o m u t  i l - i c -  I c r ’ c ’I m l i i i t t m m ’ ’ s ’  i’ o ’ 1 o d c l ’ t  d ’ d d l t 1 4 d i i O d ’ o l  m i r t h ’

‘‘ i - m m  l l i h d i d ’ i l i f l o m l o o m l t  i m m r i  i ’ l l  t hoe ’ i ’  t b omm t ’m l i i i -  i’ e - r c c m  i o e o - i o c h m m t  i c o n s  - \\ - I’ d ’ e ’ d d r n l o m e ’ t i c l e ’ i i  t h m m m h
‘ c i i ( ’ l I (  )\ m - x h i m o m ’ I  l i t ’  m o l l o o c c c - m l  bu I l t  s c - i m m m i ’ m i t c - l ’ s  m u r i e l  in ‘ s c u ’ m i l m e doo s t ’ s t e ’n o o s .  I’ ’u i i ’ t h e - n ’  ‘sc m-
m ’ o- e’ c n i l r o i d - m o c  c d l  i l omi t  ‘lIt ’ I1 ( I N i’e- h ma I i ’  I c e -  m i l l  i ic c’ e_ ’ i h I t o  i’m i e ’ o i e l l c ’  l’ mc n ’ e ’ igr t  ( ‘ i d m i l O t  I ’ i c ’ ’ — i m r o m h m - n ’  t h e ’
c- c c m O s h i ’ m i i ? m h  ( l i m i t  h o c- e’ m ’ i t i e m u i  gt i ’ i c  I rmmi’ t s ( t ’ m d i o d I ’ s  m i o o o i  c’ : m \ i t n i - s t  ti e d b i t ’  m’ c - l c - m o s c - o I  l c c i ’  t ’m i h m r ’ i c m u —
I i c c o t  j Im f c c i ’ m,- I h , ioo e - c n m o o t  n ’ t c ’ s  . l b  i s  f e l t  I b o i l  i b i s  m L I l h t t ’ m m O I ( ’ i O  ‘ s u c c u b i  m o u i m o l : i  in o u e k - q u m u t c ’  c c m n t i ’ i i l
o c t  I h c ’  ‘ c l l ( ’ I I (  oN h m i m c l w m u m ’ .- i - R o e ’  t h u  C o d I c i l ’  m m ml  e ’ m m c i t i o - s  m ccc  i - i g r t m f i c ’ a n t l c -  m m e l t m m o o e ’ c d  iii
c b c ’ s i g : e . i a l n ’ i e - m n t i m c n o , and  pl ’o(’e ’ o ” s i m i g  i e -co h n ie m i tcg ’ s ’  i - t ic - ho l i t o i t  i t  ‘ s c - mo ul d  cc’ t u m m y ‘s e -m i t ’ s , if

- h m e ’ l ’ i c i ’ c-  m moo c ’  i c c n ’ u - i g n o  e ’ e t u i rmt r’ ’s’ c o m u l i l  I mm’ m d ( I ~1e ’u- o m e l c - q u m i t e ’  i’ c ’ I m l m i ( ’ i - n ) e i t i  h a r t s . Th i s
m u h d l c i ’ c c : i c ’ h o  s l o m m u i h o l  h o c ’ i i , ’c _ ’ e ’ h r h ~ih Ic t i ;  h ) i i t i o  t b o c ’  1 . 5 , m oo ch t h t ’  l e c m c - i gn t ’ o c u t i t n ’ l c ’ s  i - n i C e ’  mm c lum i l

— 0  c i fl’ c ’  o ’ m i I o : l h i l l i t ’ s ’  m n l m ’ t ’ m u m l v  e - ~~i i - h s  ( \ e d i ’ t h i ’ d i h e  mm md l l u c - k c c t - I I ) .  It 15 10 ( 01 Lnic mc c ’ n  b ent ’ man iv
c c !  c - t i n ’  t ’ -u ’ c c , o m n i o c - n t c h m m i  i o n s  ‘ s t - i l l  I c e ’  m mc’cc ,- i u t t - o I  liv ‘cli’ . K m m l t n , l)ut ime s e - u - n i t - i l  t ’coce ’ l i t i c’ e- I i ;
m ni ’ I b o t i u g b o t  s m e i t c l  i ’ o m t m t c n m m l e ’  —

( i T o 1 ;  ‘ c l mm i ’ c ’ hm ( ‘: e ; c h .  S a o t i h l i n m  c r o c I  ( ‘ m u l t I , h’ runon i i , of ( ‘I ( ’l ’ l- ’, ‘st e-re-  he - i’ e- I t o ’ m i n i
m o i ’ i c ’ n ’m l o t t i m i o  b t b o c -  \ 7 7 , N T 7 I I , m m r o e l  h - 1 ° ’ c l  h m m r c l t c - a r o -  m i nd  Idlo un inic - (I f l i gb mt  1( 51 se ’ h e - c l u l c - s .
‘ l ’ b ie- c’  ‘s c m - i - c-  i m m r i o i i  i m n  n ’ i i c - c h  c t - i l l - i  tb - ic- ‘ s’oul ’ iuum-u h o uu ’e l ct ’mun ’ e c’ eun f igu x’a t i ecno— l o t ln ’ ief it og s ,
ihn ’ mi ’ st i t t g r n - c  bo cC , m o tel  bo mm m d iw m ul ’ c- ’ I m n b )  te n im’s . ( ‘I ( ’I ’I” h as c e m n t o i c ’ I t - c b  , \ i i ~ ‘l ’ m o u i n o i n g

(‘ o m m o e r i t m u t ’ ec l i ,-\ I ’ ( ’ ) m - o ’ g m o n ’ d i n g  ( h -  t n ’ m e i t i i r i g  t I m e — s  ‘s te ‘ s t i l l  c - e m n e l u e t  b i t ’  h oe- ( ‘(( ‘‘ 1 1- ’ t o - s t

i m e ’ n ’ s e c n n o - i  p i ’ i o m t ’  t o m  t i m e - t i e  l I v i n g  cnn ’ lo oi m ’ d c c - mi n’ e ’ . Si t o e c -  i b i s  c l — i t , ,-‘c h ’ ( ’ hmis  cori t otct e ’’l
u s  In , ’  e ’ o m c m ’ i b i m o o i t i e c r o  co l  t h e ’  e’oflt i’mi c t  t o )  ( ‘O ) c ’ c m ’  t h o e -  t i ’ o i i n h r m g  e - l o m s s . ( ‘m i p t s S m i n i e i h i n  mi t - m e l
K i ’ u r o i t t t  m m I’ d ’  t i c  i d c -n o t  I l ’ s~ t ioc -  ( ‘ l( ‘l ’ I’ ’ t e s t  o - n g inm c - e n’ hot’  us t i c  c’e)(ui’i h t m o o t t o ’  cc 1( 1- i n ’c_-go i n’ e l i ng
cc - l i mi t  l a t e - n - L e e - c -  di ’m i w - i m i g s , e- t c ’ , ( ‘i ( ’ l ’ I - ’ cu - i l l  ne -c-oh I)i’i O i’ t o  i - t i - t o - i n  c h e l i ’ ’ e-u ’v ,

‘c l i ’ , l ) me t ’ i c l  Ka y o- , i’n’emm i o E le ct m ’eu r i i ( ’ s  l ) e s i gn  i o i m m g m i / i m m e , c - l s i t e ’ c I  ,-\u t omic ’t ic’s (u n - i
i t s ‘cia mc li I i ,  m et - ic -cc -  t he - st mm t cis ci i ’ sc -c  c - r o i l  e u f  ou t’ pr ogo ’m u i o o s , u i m e ’ h i i t h i n m g  ‘c l l ( ’ I I (  IN .

( I f l  I A p r i l  ) ! i 7 i ;  s o ’ c c - m ’ o m l  ( ‘ u l ; ic -  ( ‘ eicp o m’ m i t i c m t i I ) t ’i ’ se) m0n’ ~el tt’ e ’Ce  mit  ,“st u l t e ) f l O t i ( ’ s  t o )

o - \ I d I c d I ’ i ’  Hoe- p t m s s i b i l i t c ’  cml  ( ‘ ub ie  pi ’oi ’ s ’ io i i ng the  ‘sc- mi m m ’ :e nh ’s’ m ’ e ’p m u i n ’ m o o m n i n t c f l m nn ( ’ c c c i  l t i t u i ’e
\h1 ( ’  II( ON 111W c-an t i’m u - t s .  ‘ l ’ heis  pe ms i - i b i l i t u ’  is be-ir ig  e -xp lc mi ’ e - i l  s i m i ( ’t ’  ( ‘uhk - l i mes  1)t ’ t ) t ’id c d l

I l o i s  tc ’pe ’  0 ) 1 t h o u  d u o  c c l  l ie- i ’ pt’~ g~’n m o o s .

in o ~ \ l m m ’ i L  ‘c l i - . R i l l  S t o c m - v ,  l ) i i ’ e a ’ L c t ’  c m l  ‘I ’ o u e t k ’ o m l  St - s t e - m s  in I ) l ) I 1 & ’ l- . w m m s
I o n - i c - I ’d m m i i  h oe-  ‘i L - l b  IN ~dt ’ m c g m ’ m i n l o , i t s  s t m m l us , m a c i  i t s  p t i t e h n t i m m l  m i p 1 m l i e ’ m i t i m m n s _ ‘I ’l o i s
hr i .,- f m o og c c ; i s ,- e t  ‘c l I ~. St o r e - v ’ s t’ c ’que - s t  f c m r  mini  u i I X l O u t (  s l a t - u ’ he- i- u- ce - a l ly  t m t e m v e - m l  i l o t u  liii-
o ’t m n ’ m m - n o h  m i i i  mmcl  i - l o O m ’  t h e -  ‘ c i l ( ’ l I (  ON 1dn ’ug r o m m c c - m i s in m e m l i c ’ i s i c m n i  cc i ’ ,- ‘cu t one - tj e s uc -h ie’ lo

‘cli’ . S t c u m ’ o ’ s  cc - m i s  c i e c - _ i c m ’ c ’ s i m l e n t  m m c l  ge ’ r te i’m m l  r i o : m n m l g c - m ’  ul’ mu f e t\ ‘s e -o i l ’ S  o mg e m .

1” — -I I N S  t’e I iIOu c’ (’i110 li t uf i s o ,’i i si - ii m ioi - cc- e- m’ o’  i t t -h i i m n S m i t u h  6 A pr i l  out  , - \ u t c mn ’m t - t  i t’s ‘ sc’ j t bo
( m i l d t , I b m m n t  , i ; e n ’m e m s k i m  mmd ‘cli’ . l ) m e ’ s c ’  P l e y m i  ~i’ i’ euio A1-’-\1~) , ( ‘ m u l m t , N e -U ‘ I ’ h umn m mm s
co l l i e - i ’ ) ,  ‘c l i ’ , ‘ l o o m  Su mnm c - i ’ s i O  gt lct i ‘1, 0 ’ ) ,  mu mt ch  ( ‘ 0 1 1 1 1 . ( ‘ m m m ’ l  ‘ c h i o c c i ’ t -  I , -\ I” l~1I ( I I  it o m o t t e - m o —

e l m i n i t - i - . 1 lie : e l i — c  u i - i - i c on  top ics inic i tmo k ’cl  1 m m )  I” — - l n’eqci i ,‘e~rne1 mt s m m m i i i  i t o t c i ’hace  i m i f u n ’ t u m m t i c u m t ,

o h )  c o l i C - i t t  m o i l  i - e ’ h i e ’ c h , i l c - i -  l i i i ’  h e ig ht m l d ’ ( - i m n ’ m i c  ‘c l I ( ’iI (  IN . o m n o c i  ( t I  h oe - c ’ t m m o t e o l i t  cml  Om I ) e m t ( t 0 1  i m i l
s t ( l e h \ ’  c c l  i n e i m m ’ h u e u i ’ m m t i m u n i  oil ’ ‘c i I ( ’ I I O N  in t o  t l oe -  l-’— -l . ‘ c l I ( ’ I I ( I N  s c s t e t u  i m tbon’ah ec m ’ ’ s ’  :imod
‘di sc ;  l : i e ’ t c m m ’ ’ s -  t i m i n i ’ s  c u e - i ’ m -  o i l — m m  i n i e ’ l u o h to i i .
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( 0 0 0  7 m m m l  ‘c h d i ’ i l  m e I c l i m e  se 2 1 3  mi t i  l d i ’ I l i o I  I n o c m i o i b i l v  s t o u  ( ems  n _ t o t - i c - c t  cc m i s  e i c r o e i u e ’ t  c - c l .
( ; o ~ d I . b b i m t i  . l : e n e c s k u c  ‘ c l u ,  I m h i l  I ’ m g n c m m ’  o i i o i l  ‘ c m ’ . I l o i v e -  l i b m , v o m  m i l ’ c ’ i t d i e ’ i h  i ’ t’ mni ‘ c l ” ’ ! , . Lt . ( a l.
.leohiot I m m s : o  l e - t  i c - h o , ( ‘m u l c t . ( ‘ m m n l  ‘ c i c m d d m ’ e . m m n o i l  ‘cli ’. ,l c c c ’  ( ‘m i l m l ’ s c c - I l  ; e t t o r t o l e - e l  t ’con ‘c I- ’l ’ l l (  i ,

‘l iii’ :1gm - t i c  1mm I c m’ I l o i s  h e ’ s  ig im n - c - c  e d - c t  i s  gi  ‘ scu l l  m o  I d ol u - mm . . I . I . 3 , 5 m d l  ( l o i s  n ’o-por l . It ct - mo s
i hu m ’ t:om ,~ I l o i s  h o e  - c - I  hog I l i m i t  hilt- the-c u — u cmi h i m  m ’e m i m i  be ’ I hoc- l,-\ I - cc -mis n - mimic he- in ecu—ci t -n ’  t o o  m i - c - I  t h e  -

o m e c u u i ’ m i c ’ t ’  u ’ e - o l u u i r c - n i e -o i t s  c c l  i h t c ’  c ’ m c i O i i ’ m i t ’ t  m o od I cc  i ) t ’ i t c ’ m ’  n i mct c ’ i t  I h ie ’  S t m e n i - h o u i ’ c h  N m c t ’ i g m i t c o n ’
m t - C ’  l i e u - m i t  l i mit  r e - c l u e  i’ d ’ r o m e - i t t  s -

0 1 11 7 ‘c h i n ’ 1 1 , ( ‘0 1 1 1 1 , \\ m u n ’ , v ro sk i , i i i  t-° ,\ ’c lS (  c _ c ’ i s i h t - e l  t i l e ’  ,- \ u u t c u b o e - i i e ’ s  f m m e i i i t c  I c c  d i i - —
c u s s  t in - ‘ c l l ( ’ h b (  iN m n h d h m u ’ m m m i e ’ b i  h o c  c ’ h e ’ e ’ t m e o n i c ’  l i m o - i s  m u i t e l  t h e ’  ‘ c l l ( ’ l l (  IN l ) I ~ t , l I e ’  cc - mis
i~o t i ’ t ’ e ’s I ~ - i l  in ujim lo i himo g Iiiuis c-l t ’ e ut o  h o c  ‘ c T l ( ’ i l ( ) N  : m h c h m l ’ c i m i ( h in t b i o - c-  : c i o - m o s  l’co i ’  l o i s  ( ‘ o d l i s i d h m - l ’ —

m i h i o c l o  in l m u ’ s lag o c u m l  l I m i t s l’e m n ’  t h e -  S,-\ ’clS ( I -\(‘‘I’ I t’oi’nlmutei’ ~cccigi’ m m r n .

‘c ii’ . ( ‘h i l l  l , c c c o n o e i -  e a c h  ‘hr .  “ t c ’ t ’ c- .l mic ’ ks em no , o u f t i - ic - I S \  I-’ St a r ic l ou m ’ o h I \ S  I n - c c - t i m - —
meat  \ gc -no e ’ s ’, c u s i t e - c I  ;~ u t e c n o ,’tu ’ i -  eno 13 m u i ieh  I I A i m r ’ i i . S inc - e’ t h o m - i n ’  1 m t ’ i i o ’ tm nm ’ ’ s ’  i o o t t ’ n ’ e - s b  c c :  s
t o o c c m m n ’ c h  I d m ’ o d l u ( ’t i o n  h i i m i n s  o m n i c i  c ’ m m p o i b i h i t i c - s  [cii’  ‘ c i i ( ’ I b (  iN , m i l n o m c s t  t h e ’  t - b o I I i ’ c - t i — i t  w a s
5 1 0 1 0 1  ITO l o l l )  mm c l  I m u ’ ( m c l t u c o t i ( m i l  f m m c ’ i h i t c -  t e c t i m s .  ‘I imc - b ul l ’s i i i e ’ l e i c t e - c h  cc c ’ n ’ e - : ’c i l ( ’ 110 I N Sc s t e r - i i
l m l b ) e o l ’ m i t i d i ’ \ ’ , ‘ c i h - S( t m m i m r i e ’ m i h i e c t o  m l i ’ c - m m , I~r o e i u e t i i c r o  I n c - m ’ t i m i l l n s t l ’ u n n o e ’ n t  h ’ ’ : o c ’ t i m n ’ c , I t —

o l c m c ’ t u t c t m  I N S  l ’ m o ( - b o u ’ c ’ , l r ’s ’ i nc ’  h ’ , l c o c t t ’ m ni c ’ s  l t r ’ i c e h u e t i o c i m  I” o i e - i l i t t ’ , mind h o c ’  ‘ c l i l i t m u i’’s
‘cl() S ‘ I~ — t i-’m i c ’ i h i t v ,  l~ t’t - scn t a t i eun i s cce- t ’ c rim o mo i c-  ( i i i  I h u -  ~l m i i r i t ’  I- ’: c t ’ i h i t c  : o n i c i  \\ ‘ m - u ’ t  \ ‘ u m ’ g m n e : o
h” m c c ’ i i t t ’s’ s i l t e e -  Ibo e - ’ s’ m m n ’ c- o o c c t  c ’i ;nc’ c - n i e - r o l I t -  m m c ’ : t I I o u b ) I o -  fu n ’ mi te u nu ’ .

‘cli’ , l i v  S h - i u l n i m m n , ‘Ic. - \ t i l b o m c n v  I l i m b i n s i m n o , m i a m i  ‘c i r .  ‘h e el 0 ; m o i ’ t m e ’ t ’ , c c l  I b m e i t c h
( o d m ’ i i d d r o m t i o ) r i , v i s i t c - d  ,-~ u t t m n t - i ~~’s mutt  I t  ‘\ jm n’ i l .  \‘e ’ h t i l e ’  io e -r - t h o e ’c ’ c c c ’ n ’ e ’  l m n ’ t t ’ l S ’ o b  on bo -I ho

‘11( 110 oN m m c l  ‘ c l i r o c i l o - r n m m t i  j m t ’ c m g i ’ m l r n s _  ( l i e -  ,\ 1f ( ’ l l ( I \  b u - i t - i n n e g  cc’:m mdl i  c c t o - N l t ’ t (  I t  P°
l o ’ i e - f i n g  i n c - l u d l i b m g  h ig h o cec u i ’o i c ’v .

( i n  2 1 ,-‘c i m n ’ i l  l O u ’ . 1 d m u n ~k en ~, l ) cp ut ’s -  l ) i m ’ o - e h c c n ’ ccl ’ l ) I ) I 1 ~ - K , ce ’- i t e - ol , \ u uli c ’ tt-Io’ s i c m t ’
u I ) e l m m t ( - ( d i s e - t e s s i c o m o  mc l i  m :mr t t -  ccl  e m u m ’  p l ’ e c g n ’ :m r o m s .  ‘l ’b te ’ c m r t l v  ‘11( 110 iN i- i - b u m - c l  I n - b e n c c i

li ii - cii - it cc -mis m e l d h m u ’ oo x in om it m’ iv “i t i i i n ’m t i t e ’ i -  s h o e - n o t  going i i u t i c - k l v  t h m ’ m oc i g ho t h c ’  ‘ c I l ( ’l l m  ON ~~‘s ‘- l i - n i

I . m n b u e  i t _ mi  I m c u ’ y .

( d ii .\ b i n ’ i I  ‘cl i’ , , J c ’ i ’ i ’ v  S( ’hw m um ~~, ‘ci i ’. I - c l  ‘c ier m ’,e ’l , ‘cli ’ , l , c o ’ s t e ’ I l  l I c - i m m u i c h . c o o l
‘c i i ’ . I” n’ e ’ c b  l m u n m g o i n  ‘ s i s l h e ’ c I  \\ h m \ I ’ h h  ( m c  c l t i - c ’ n s s  c mtt i’ t ’ t ’ s l i d m i t s e ’  I c c  h b te - 12 \ i m r i l  l c ( ’ o 0 I c - I t t - n ’ .

‘ci i’ . ( ; e i o t ’ g o ’  I l in i e s , ‘cli’ . L eo n  l l i togo . ‘ c i m u j o n ’  l le cg e- m I h m ’ m i i m e l t , I m m h m t . I l c m n o  , I m c t o o o s k o m _

‘cli’ . I m h i l  I i g n t m c m ’ . m m t m c l  ‘c l i’ . l ) m u c e ’  I ’ l e ’ v m m  mu t t t - m i o l ed  t h o m ’  n o o c - t - t i I t g  1 c m ’ (lie- \ m m ~ i- ’e c r e ’ e - . ‘l u st
im l  t h e -  , \ h - ’\  I ,  e ’m mn o ’ i-l ’ ti s b oo iv c- lim o-no mu nm— ’ s cc - n’e-d m ci - ml n - c - s t i l l  c i i  t o u t ’  27 ,\ h d n ’ m l  m e ’ s h m m m n s e -  l e t t e r
m e n u  t l ti s ‘ s i s e t  b i d  \~‘ I o \  I ’ l l . l ’ cc’t m m m e t i o n o  i t e - n o s  m’ e , i - c l l t e ’ d i  in - m m — i  I b i s  n - i c - c l i n g .  ‘ I ’ i m t-  i t m ’ s t
m m c l  i o c t o  t o - n i l  ‘ sc - mis  i m  m l i i i  ‘ u t  l i t  t h o m -  c h m m o m n o t  I t  i t - i -  cc l  m - m e c ’ b o  I t - h it - c u l ’ gi i c c - r i m  f l o e - n I  hm u u’ii ’sc m m me I Isle’ 1

ifl i c i e r  17 ,\ i i u ’ i l  i’ d - s h r m m r o s e ’  I c - t I e - i ’ . I b i s  m i t - l i o n  i t o - n f l  t c m l i -  ( ‘ e m m l o l t - t e - i l  t m t t  -I ‘ c i m m v .  ‘I ’h e- m m t l m e - r
m o m - b  ico o m t b  - n io cc-mn 5 ( m u  l e m ’ o o c  e cho - ‘sc- n — i l  h e - n t  i r t i ’ c m n ’ n i i m u t i m ; n  o - -c m l mboc  i t t  im o g cu’hv m i i-I ro i 1m e hmu t -mt in o - i’t i : o l
sc s u m - r n  b o o m s  c e ’ m c t ’ i -  c - a i d ’ t o n -mi t t I C , - I ’ l d ) i ’ f l l O i b h ( ’ e ’  th om ui i m m g m n o h m m i l l c o e l  i n t e - n ’ ( e m n l  sy s t e m  clum ’ i oog  (h e
f i r s t  i m m u n i m ’  c m l  t ’ n’ m - e ’  i i t e - i ’ t  b i t  t t m i c ’ i g m m t i m ; n  m o m o m m h m ’ . l I t ’ , , I e c i o i o  I u i m i s e m n o , ( ‘ h o l e - I  Sc’h -ni t  l i - I ,
go’tie-i ’ m ehi -c i (bit- m o n s c c  c - I ’  t m t  t h i s  mme ti on i i t t - I t t  111 Mom) ’ .

‘cli’. I-’ n’e -oI ( ‘ m c  m ’ m c , ‘c i i ’ . I lob l3m mkc 1’, m m i t o h ~d u’ . ‘cit n’ri II St one- o i ’ ti-ic’ Non’t h-i n’op
UIaw th iec rn e-~ I - — I ” l ,  mm cl I’ — .m ~~r0g manf l i -  c - i s i t e ’ m l Acn t onc ’ t  k-s tmni 13 ‘cia\’ 1976 bin’ miii t m p clm u t e ’
on ‘cII(’IION, -‘c gm-n c -roil stm o t u s hn’ie’fing cy n i -  g ice’ ni milcoig ‘ s t u b  te )Iu u’s ( O f tloe ‘cl lC lb (IN
s t - i - Ic - i t - i  I m du  min d t h e ’  ‘clES( colon’ c m i ci tv imi hi t’ j em u t iomi m ui ’ emu
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m i i i  17 ‘cl ot’ , ‘°e l i ’ , -I , ‘c ,  So ’ i i c t , u l  c i  I t o h  ‘ c i i  ~‘c I , m l I  l e t  ‘c’c o m - c b e t i m g t u u i i  I ) . 0 ’ . t o  n i t - u - i

‘ d c i  I o nic S’s~,ui’ t/ ccliii i s  m’ e ’ p i , e - i n e g  I I o ’ u i l  e ’ h u e u i - l ,  I c c _ l i  c c l i i i  i t-, I c - - o c o n i g  l i i i ’  \~~: i t ’  ( ‘ mil lege- _
.\ , m ’ i t u  n ’~ l ‘110 l b ( iN 0 o m u i - m e t : u t l d u i e  h u i ’ i e - i i i c ~’, i~m~u uh ~h m ’ t  m i m i o t thee’ ‘cli m-~,i b ) u t’t s l ie t h e ’  d l t a i ) l , t m o ’

e , c ’ — m - c c c i i  inc i i ,’cc &’ o i t e i lbi ‘cl ,m j S ,c ,ei’I , .

‘cl i .  S t ’ i i c t , i i ’ , ’ ‘ s j - , t h t ’m h  V~ 10 ~ I i t  ou n i I ’ -  U i c , l i lT e ; , ,-‘c I r i c - c -  H ag  uc mi l u - h i ‘ c , i b h n
ipl h b c ine I _ i i o i s h - m  ~ ‘c i  \ I - ) ,  ( m u l u I  ~-. c - n l  I I i m u i u l , i  I ‘ I t  \ ‘ci u b h l i e , - ) ,  , o t m m i  ‘c i i - . h e i u r m  S u t i u i i i e - m ’ ,’,

0 0  m g c i c ’ r t  °t l - ( ’ m i’ e - g c r c h n l t g  t h e -  i m i s s l l o i l u t ’ s  ed i’ c’ n i’ oc t u t ti it g ‘ ci h o ’ ht ( m~. i t e t e u  t h e -  I I i’Ie’c ’t mis .m
h i l t ’  c - t i - l i ’  c o m m — I i - - i c  h u m —  m~ ipi’e u u ’ b e .  ‘ I  h e  I I t , \ ’ c l  m i l l i e - i -  us  e ’ e u m i i l u m t - i i n i g  a s ( t m iv  t i m  , i S S e m c o ’ c t l i ( ’
l e - , o s j h i t l i t y  emf m - , , o c i l e g  l i l t ’  c ’ t e l r  e o i ,—,t c l m u l l , o i ’ o-, ho t ’  r e - pl i t - m i e g  liii- t-cm r u ’ &-n m l 1 — 4  l~~S , 1 bii ’~
i t m c h i c : i t i ’ c l  t i o t- y ccu ulu i  ‘ sce-le ’i u ii tm’ , u \ h l c ’ I (o  c~ i i e p u i m~~i 11tH ’ , —n m b o t c ’ c (  ~ i i e I  h t m l  t h ey  p lan t o
ee ) u os i i i e r  M I ( ’Ib ( IN i i i  h im - u ’ i - l u - I t ,  ( 

~ m l ’  i to p oit to thee- PIL~ ’cl of f i c e -  i l .  pL mi i t t c - i l  for
m ip f O r o x i n l imm ( t - l y  I I )  ‘ t u n i c -  I ( 17mm .

:‘c ui t t ,- e t i m tg cc as a l s i m  h e l d  m m i i  I ”  ,\ l i c , cc m m b e  ‘c i i ’ , I t o u t o  I (i rug e , ‘c l i l  It cige r l i r omnimtt , m m t i ol
(‘apt lIon Jmt i icis k ei fro m n u ,\ h ‘cl , h o c  d i s c  i t ’ s  t b , -  i III , ‘cl - I 1 — l i m  l’ n’o~~~r o m m i i  ou r u c i t i m e 100Ss thilitV

o c t  t ’l ighi t te sthm ig ‘cll ( ’Ib ( )~ “, ,i ~~ .i h~ m rt e u  thee- ‘ c l i i  - i s Imrm ~,~n’mdni e , rS.lr_ I (4u lp h e S h o m um not i ,

‘ c m ’ , I,cw .Johie , mit io l  ‘cli’ , Se- h e w i r ,  r e-c l I - c d - c l  .1 h on’ie-li t tg c i i i  l h t i - ‘1- 11— 16 pr~gr~m~~ mm ii

‘c ll (’lb (IN ’ s pot t - inlim m l ir i ’ s’ e ui c c’mit , -it t lh mi ’i ’ c ’ n r i  , \~-~ , i r e ’ semII  of t h i s  un te ’e ttt ig , -\I - ’ - \i ’ con cluiie ul
t b oc- y cc ei,ilcl talk too j i ll - t e m  , i  i-~, m ’ a s time- i i t  o c e t o u g m n - u  eu f ‘ci 10 ‘1 (0 ON lo t - f rog flig h t t i-i - t e c h as a

part of the Al -’i’l— 16 pl ’ej~i’, m m oe .

( (hi t~5 M ay, 1,0 (.cnn Slay ‘ s b — cu t-o h , \m ~I u m n n o ’ h n i ’s, l O u t - l u g l i i i ’, v i s i t  hi’ ‘sc o u s  g i v e -u i  short
e u c ’c’I’viecc s on i u e o i r e v  pr ccg i ’ :m u i i s .  ‘c i r .  I ~- W .  S;um ’gcmut g a v i -  mm I S  u no hr t p i’ese imt oit i en i  Oil

Mh (’Ib ( IN durimo g thoi m- , ‘ s i s i t .

- U i - em on 25 ‘ c l i v ,  ( ‘ c m i  ( ‘ l l , u t ’ I i - o ~ I b i i i l s u i i  ( , -‘c I” M~ ) ‘ s b — i t c h  , - ‘ c U ( e m i i ( ’ h i d ’ --, ,  ‘l iii’ ‘ c l l C l b ( I N

lxcn’l m u  of ion m-~ c - l i - L I  m m c i i  ‘d st i - m i  cml  me t t  e - n i o h i c m g  I l i e ’  soun i c- i u i ’ i t - f i u i g  l) i’ vst mumi c - i l  i i )  1 , 1  ( e,mn Slay ,
‘ s - i s i t i t mg t i m e ,- ‘cl I ( ’ lb (  u ,’. o” t’ o - , ( ( - u m i  I , i i i e u r ’ a t cmi ’y ,  m i m m o l  teui’im ig t h e,- ‘c ih- S(~ rotemn’ auc ci cac’mty
fm ih r te :mI ion a t’ i - o m .

1 h i ’  \ h l ( ’ lb m c ’\ l O b o m i , , o I I I  I - m o ’  I - c m e l c n m i t  i o t a  1~~’ i - i g u o  l b o ’ u i o ’ n  ‘ c h - o ’ m i n g  c c m m s  he - lob  oil,“cu i t mm n o e- (  i o ’ ~ c c i i  7 1 ho i c  d e l h i  S - h im - i t -  197 ; , l b  i ’ : i g o -  n m l m i  c c i ’  t h i s  l o o c m ’ l  Hog ’ m m r u e i  b loc ’  l is t  o t t ’
i l l  c m i  li-c - t o - -  g u t  c - n o  i i i  I c~ d i m e  0 ; . 1 — 1 . 1 0 0 1  l i i i  o— i’ m pc m i t

A n l i t t o m i ’ u i i o u l  m n m o i u i t b i l t  m it 1, 1 1 - l i  i t  d I e - c t  ‘st a hi t  I i  c i i  l m l h int - 1 t O ’ o’ ) i , I h i c us m , ’ in a tk -nid—
a t t i c’ f i ’ m m u i u  u m i ’ gm uum l / m u t h o m m i m -  u m t h m t - i  U i m U l  \ e e l c  m i t e  I t e m - ,  t t d  i i  : ‘ c t , o j ,  h I t  0unei t , M:ij .  t u l le-i’ ,
(‘m i b mt , . ,J o i n m e o s k i m , ( ‘ m uj u t .  I e ’ i t t o o n e , ( , l h u c i c  I ; , t ; i t 5  - - , c i e u i  I~ _ i - i g u u e u i ’  i i i  , \ h - ’ z \ l , ;

‘ nj mt. l~1 uiemi’ - aiim1 ‘c i - I ithiemm t u i ~ c m l  ‘c I I ’ l  m m ;  m i t o l  ° I i i  i t - I l  o u i u m l  I I . 1 1 m m  m’ t iy cd ,A(~ l’cl(’.

‘c l i ’ . h l lo u k e -  l ( e i i I  ~n t ie I  ‘c l i ’ . P . I i t i c  I ‘u n i t t i m  c o t  t h e e ’  C a um o m h _ u (‘cumtu ’t liii’ bIc-uti to ti-

~o -iIs ir mg visi ted A utmnet - t i t ’ o ,  i o u 16 t~~ m c ’ I t s  - m , I tou -~ ‘st e  i i ’ ~ j ’ s m , ’ i I  in  im c’ et’’,’k&’tc’ of the’
rclh (’I (( IN m’c t mutui . e m u n c h  c O i h m m i i u l h i t k ’ s .  I l ee ’  -~ c u e  u l i e ’  m i l u l ull m -m it ion lI m o - ( S i n i m u d i m u n  Gc i ’ se t’ntm m e , - n t  is
ii mtt- i ’t- ste,’d in b , ’-c ; l ii  i n ’ i ’ t I iI i t - I t - i t - t i m - i ’ i - m m  ( ; u i i , c m h i u i i  ‘ c c : i , t . i I  su i - v ey i i ig  hi) ’ oim’ p luuic
hi ct~ c-mm lau d c- ui -c-k i” ‘~

Mr. l icni Ka e ’h m i ’ anol ‘ci r. ‘c\ ’ u l m - t  \ I ~i i ’ i- hi f u ’ om n n  A I - ,-\ I , c usi t e - d AUtoUt $ f e ’i- ott 16 ,Ju it e ’
1976 . ‘ l I i t ’ y  were li t - re m to i h i i - e ’ i o s i -  ,- \s , - \ I ‘I cc ulh i h it- ‘cliss i k ’ Sy stems I)ivis iun of Aut ont ,’lies.
‘I l t e - t -  lead t i m e  foi’ eml y a c e n t  f o i s t  ( U l d c c i t l  b I b  n i m I u m m i l 0 - ~~) n e t - n e w  of ’ ‘cl I ( ’ l b ( ) N  s f a i t i s .
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‘ci i’. I t o mi t  I ) u u u - o u m m  c i i  ,- \ i n t t m i u c - l  m c i —  t i s i t e d  I o i t ’ I ~I t e ’ t - o l  ‘ h e  s i - u i ’ a i m c l  :-~p at~(’ ( ‘ mo ni p ui e t
Smi ,tmivcmohe , (‘ab ilo!’h)ia u)ie 17 I m i l u t ’  10, 1 7 0 , . I oimm ’ l s i l c ’ e ’ i I  i i -  0111 ’  c i i  t c c o i  n i m a m n n  (- m n n l m 0 0 - k m i ’ s mm

th om - I > rte mis io )li I ii iitt t’ i ’ I m o c ’ ’ J t I e i l O  St i’ikc’ t”\ Ic-m o 0 1 0 1  I ~— t--~~; liii’ o u l h c c - i ’ i i -  I t e m m - u i i ~~. ‘ I ’ I t e ’  ~) r m t

g i — a i n i  i s  i m t  tim e - s l m m c l v  ido:i st ‘ s c ilh i c m i i  c m i i i -  m c c h o m ’ m m t i l  i’ m i e - t m m i ’ s I c u c i k u t u g  o u t  e l i - t u n I s  mi t  t h e -  ‘ mi m i i —
m u i u i i i i t ’ l l t l O I t  au to l  na t  igm u t mc iii i’ e -qiml i ’e-m i i ~- ie I s c m l t In - i t i m i t  1 i ,  - i I m m o m o h e l l ’  i i  i i ’  i , u I t , l i i i  c t - e t c c u c - u l

i- t i - i k e -  a m -i — mi ll mun ch h oc - i i- g ot ni t-el w m ’ m u l s i m e s .  I m ie’k hct’ m’il h o d  i ’ t ’o i mm c-s tc ’d li omit ‘scm- l o i n  c-f t i n ’
I °h ’ ’ I St-~ euug inutm u ’it ig stati m m m i  t h e ’  t ’ap m o h u m l i t h m ’ o - u  i i i  t h e ’  lei g h mu ’c mot ’ m n- ’ s ‘h O  ‘11 0 i ’s , I u m ( ’ k h i e - ( - d
a tt c-mi de-es we- re- C~ \ \ ‘i ! s o m o t , I, m o u ch - l i , I~. \ e- n k e - m ’ u- , - I . I S m p c’ , H . ~-c i t n~~’ o c x , I . is i ’m ika i ’ ,
-I . I lk - i- , and 1 .  N t ’ c ’ n i m u i t .

‘c i i ’. lIon I l oa m - a im c l i - e t c  ‘ ml  ‘Ic’ l I c  u m o h e e  - I I  I t o  mom m i s  i i i  I o u no g  I tm’m ~~’ he , ‘~m I i i c m  i i i  i o u  c m i i
21  lu w - 1976 . A u m i p e l m i t m - c h  t i i m - t ] I i i i u i  o m t ’ t ’ l m i o u ’ \  , h i g h a c ’ c e u i ’o u m ’\  ~n el t e o n m ’ l t - m u i  c mi t ’ e l e - i u i m o g
‘ c I I ( ’ ht ( O N  h i - i t - f l o g  ‘sc - a t -- pi ’ c ’ s e ’ i u tm’ d .  ‘ I l i t ’  a i t m l u ’ i e t ’ c -  cc-a s I- . \ \ ‘ i l s m w , i o . S u t i g l m ’ I m m u i ,

Nk - h i ols am i d I ) .  ‘ I ’ mi ~ 1cm i ’ .

‘c ln~. I - . \ 1 e ’ i u i e - ! , ’ci i ’ — 
( . i l i m n c m m i u , m o u t h  ‘ c l i ’ . I . .  l ( t - m m m u l t l  ‘ s - i s i t c ’d  “c F , -\ I .  c ia  1J  b m i n i e ’

1976 . ‘l I n e’ 1 m t I i ’J d d c s t ’  o u t  H o t -  i i m c ’ m - t i n u g  % t m m ~ - E d o  o J i ~ m ’ hO :-, S t i m e ’  ,- \ ou t i i i i t ’ tj t ’ s u ’ c,’ t ’ i u m n m i i t i ’ u m e h m ,’o l m m c c c l —
c - i - m utt -cl  int c,, -g i - mm ( i i  m u i-c l i e -d im  Ic -  m u i e l  m-- ’ c u - m i I I I ’  ig t o m  i i i  mm I t t m i ’ i i mm t 1 t m , ’ s  m’ cii c~-a ’O I Ut’u i t  t t m  ifl Leg i ’ m m t i o  in
I c -s t ing .  ‘I ’ia’ m i t - C - C - l i ’  m ’ m m t m - m I  i u i t t - g  1 - m u t i m m i m  st l o t - m i u l t -  cc is Ol l u l o l ’ i ) c  c d .  I ’ lie p c u s t  i r t t t - g r o u t i o  c i t

(‘f l’m u i ’ f  cc mn -~ eJ j se ’ mum- , m- -e’ c i  I cu l t u m o u  eIe ’ i s i e m u i  i’ e- m u e ’ h e t - d _ I I , is  e x l m m’ ( ’ t e ’ ( l  t o ,  I i i ’  m’m,, ’ s c m l c’et l by time- end
i c f  bul ~~. ( c m c e ’u ’ i t i i i c ’n u t  m u t t e  i i i l - -m -- cc-c- i- u -  0 ‘ m o ~o t .  I I .  J m m u t e m s l , , c m , i t l m m j .  I I .  I l u - m u t m c _ l t ,
‘cla j .  ( . _ l l m m u ’ d d h 0 0 0 , ‘ c l i ’ . I~~, I i g m m d i n ’ , ‘c i i ’ , I ) , l~ I o’ t ’ : c , m u d  ‘ c l i ’ . ( , I h i i i i - s .  Subse q u ent t o t
t h i t ’ m- - c t ’  c l i s t ’ u s s i t m i e ~ the ,- \ t i t o c i i t ’ t h ’ s I m e ’ i ’ s1 u t u i t - l  t i — i E e e1 ‘ci i’ , 0 ’ , I , oo i u i 0 i s  l i i i ’  a k- cc m n e i l i u l c i -  t~
d isce im - - s t h e- ‘ci I ( - l~~ N 1’~ I ’  ‘ci e -om n f i gur a t iom m lmlanniedl  l o m i ’  I l i i i  l o u i i m m u i t  cc- i’i f i c ’ m i t i c mn f l i g ht , te st i u t g.

(In :10 .bum ’ lt5 ’o6 , ‘ c l i ’ . - I , I )miim le’hl , II . I Ic’ ( i c y ,  K .  P h d ! ’, min e d 1- ’ . Sc lt c i ik t’u ’ m ,i m ou t he
I i  mckhit y i’d Sh~u um1s ’.c- o u i ’Li-  t H- l I e - m i  “c u t m m i o t - t u e : -  . I h e y  t ccu ’ t-  j u te t’cstecl in discussing ink- i’—
[mit -cs m ute d ~o c-i 1 m u i ’ u m i m i 1 i t ’ t’ m o i m : m I \ s i i -  i o u ’ ; ‘ I , e-~ - i i i e ’ o I u ’ i - c ’ c m u l n m u i s s m u u i c c  a i i ’ c i ’ m u R .

( Ott -M - b u l ~ 19 70 ; , ( ‘ a ml l~i Ink -k o l’ ’l ’ t ’l t - cor i t noe mn i ica t i on s ‘c l an a g -m -rot (,‘o rpormition
v i s i t e - ( 1  ,- \utonc - t i c s  to ol mtain in l ’or m at ioi i  of a g - ne - n ’zu I natu n- oui i n e r t i a l  nav iga t ion
I u ’c’b ino log ’m c i t tin ’ fut in x’o’ . ‘I ’h - i n f o r m a t i o n  was r eqcic’st -d to suppo rt a sttmdv , wi th
whi i  (- ii lit- i s  in c- o l t - t - d , on tioc’  l’u t u r e nt-e el s of ’ t I t e l)ep oh rt nu -nt of I)e-fensc wit l t  imie-r t ia l
na c - ig a t ion  t -chno log\ ’ whi k-h i is  cind e - n’ deve lopment .  Iu i t ’ o i ’u ioatio no was pro t -ided to him
on ‘ c l l ( ’ I I I  IN an ( l l o u s e -  r Gvn’ os.

(‘ apt - I anosko t i sited Auton ieti c s on 1 3 mind 1-I , b u 1~’ 1976 for a monthl y status n. c-c iecv
ru t i-c- I j u g .  l ho- a ge-no l mi  is  r ont ;n 1 n t -e l  in 1101 1’~i o ; . 1. I . :t . 7 ed t h i s  i’epc)i’t. (‘ol . It . V~ie,’ miii ck i
I l e ’ mudq c m a r t e - r s  t ’ S,\ I - , a lso c i s i t e - d  Auto nu -tj cs on 14 -Jul y  1976 . (‘ 01 Z k - r m mi ck i m ’c- cej v e’d a
ge-n c-ra t update - oni ‘cli  ( - 

Ut ON and sec’c ral ot l ie - i’ pn’ ogra nms.

( I n  22 . J uIv  I 976 I ;d  ‘c Ic - n ’ u z c - l , G i l  (‘ anip os ,an d K - it l m Gibson c’ is it t -d ( gdvui ,-\ I C  for
a mt -c - t i  ng on the  I - I  a ppL I ca t iou of ‘ci I C I1( IN . ( ove mnni ent outt c ’ndt-c s Were- - b mi c k \\‘oods
( i ( o ,- \ l , ( ’  ‘i’ll , Ilaroki h addock (~~~A l X ’ — ’ c 1 ’ clE , (‘ apt N e il Thomas A S I r P I I A ’ c I , and
Iloht - rt I ) . I ) mu ’ s -  i s A S I )  -‘h ’ i  1:\ ‘ci • ‘l’ hoe ’ pci rpos e of time- met-ti  tog was to ru ns cc - i- r qu -stions
on ‘ c i l ( ’ I I ( I N  111W p lann ing.

( I n  2 0 — 2 3  - Ju l y  1976 , ~I e - r  ry Schiwa r ’i- and ‘lil t  Ilup ert represented ,- \ut on t ’ti cs at
thee - f ina l  Standa rd Navig a to r ope-n i’o r cm m n o t - c l i n g  o ut \Vr i g h mt — I~att -rson ~-\ ~~~
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e l m - i 1” h i l t  i 9 7 4 ; , 1511  l la u de’m ’ , l e w i s l I e - i d , l) i ck  Watt and -Jack ‘ c io mr l ow i’ roni th w
‘ i t o  c i c ’  ( ‘ii  m’po i’at ion vi  s i lo - e l  ~\ u ton c’ti cs. ‘ I ’ h me - pu rpose- of th t -  me- ci ting was to t-xplor - t he ’

p o s s i h i i l i t t  oh ’ h a ving ( ‘ul m ni’ d e sign mind f a h cr ic ’a tc -  th e -  I ’ u’e -pro dm ic tie no I- i  re ( ‘ on tro l -

N o i c  u g a h i o t o  I m o u t t e I s  nom u - e l i - e l  h u m’  t b o e -  Sta u t hm mn ’r I  N o i t - i g m o t o r ’  \ ‘ t ’ I ’ i t m ( m u t i o f l  t - s t ing .

c om m 9 , \ i e gm us t  1976 , ‘c i i ’ . l~u I c I l a ke i ’  I remm im h o e ’  ,-\ u ’mv N , - \ \ ’ ( ’ ( IN o f f i ce -  at i-c u rt
\ l o t i t i t o n u t h t  ‘s i — l I e - e l  , \ u u t o t m o ’t i c s .  l I c ’  was b i n - i c - t e d  on t h u  s ta tus  oh’ t i m e ’  ‘ c I I ( ’ I l  IN prc ) gra nm l .
I ucit i - nI  i oil ,\ i-h ow pm o rt I c ’ ipo i t  ion iii son ic - h i i g l o omccc n i’ac’s- elec’elop ui i ( ’ n h t  ‘sc-a s d i scussed .

( t i m 10 ,\ugue st  I 9 7 0 ; , ‘c ir .  I i I ( ‘ at ’ttpos , ‘ci r. I ) ; m ’ s - - I’ ’ n - e m - I  and mind ‘c l i ’ . ( - loc m c k I I or m ’i olka
hr i  c-f ed the -  ,\ S I )  I ‘ U \  ‘ci o f f i ce ’  cia t h e -  ‘ cdl  ( ‘ 110 oN mipp r oa c ,’h to t h o m ’  I’ — I I N S  iU- t r u f i t  I ° rog ran -i .
i t  ( ‘ ol i- :t -ans ~ \ SD ’P l L - \ ’ c f l ,  (‘ apt N e i l  ‘ I ’ h o m o a s  ~,- \ S I )  I ’ l 1 A ’ c l~ , - bolo n K a l l i s h o  ( A S ! )  i - N A ) ,
amid ( ‘apt I Ion -b ont -mosko we- u - c- pu - c  ‘sc-not for t hoe- hi ri efi ng.

( iii  11  , \ u goms t , (‘ apt 11d m - iahlos kc ) mind ‘ci r. 1 m b _ i l  I - : igul on ’ c -is ted ,-\ u tco nc ’t i  c-s fo r a
mon o th lv  s ta tus  n’ -c j e w r ime-m t inig. I he ’  oig -i i dm i is contai nc-d in Pa rmo ;, 1 • I - , s c m i  t h is  m’ u ’ p e)r t

o t t - i 2 I , \ t t ~ t t s t  1976 \i r, Ii o h N u rn s and ‘ci r. H i l l  (‘ cmt c’ e ’!  I t ’ rono f lo e- lag  Seattle-
i s i t e - e l  , \ c mt on c ‘ t i cs .  \ \ ‘ h i i  to -  l i e - r e -  ciii ‘ci iuocu t e ’ n t mu um Pu-og r m i uo o h ne s in ie - s s , the -v cc ’e ’n’e- gic - em i mm

g e - m i t - r o i l  ‘ l b . ’ He ON l ° r ’ i i g u ’ m m m o m  s t m mt ’ cis.

( Oi l ~ ~. m- p t  c-n u b c u r  1976 , ‘ci e- ss n-s. -J . ,\ . Sch wa t ’i , - I .  I - . ‘b -u -i t - I , o . l- . I lunvon ,
ato d I . -

, I e - t ool d n oe l w i t h  ,\ I ‘ c l  - mir e d t l i t ’  contr omet  I nig oi’fi c - c - u ’  at \\ ‘ ri gl ot  Po utt erson ,\ I- ’ U.
‘ I ’ l ic  pci rp ose’ oh t ioe- m u m - c t  i ng  cc -m is to ) ( Ii sc io ss  i. t ’st r’ enc t cn m’ i ng tIme -  r c -  a t o m mnt le- u ’ of t h e ’ I ~h iois e 2 B
(-e)fl t n - m u t t .

( i n  9 Se -p t t-m tt be ’r , ‘ci m - . ‘I , ,\ . Sc- Iow a n - i am id ‘ci i’ . I). I I .  I’ n -e-el an d c - is  i t t - c l  ,\ SI )
I m m g i t e m  c i - h u g  to prm - se -mi t  a ‘11( 11° IN pn ’ug n ’ mht oi  o ’ s e - i ’ s ’ i e ’ ’ s c ’  upd ate’ . ‘cft . Scho’sc-a u’z at - id
‘ c l i - . I n ’ e ‘c - I anid oil  so ‘s i sit c-el ,\ I ,\ I . ! ‘ c i i -. I . (‘ . I ~~oui i is to di sc-u ss Stan od m i rd N o ut  I gml t c ) i ’

‘U ;  ‘I ’ I - s\ ste at r e- qui u - c -mote -n t  s.

un-u I t ;  Sep t -t ’nhe r , (‘ apt . -ha  c-k K n i m o c  n oo , ( ‘apt Sc-ott II ie l o cv , m u nm (I ‘ci r. I m (te Zago me
I u ’m o uo t I ho ll om o tamm ,\ I- ’ I c-isite- (l ,-‘tuto um e-t i i’s. ‘I’ho e-~ ‘sc- c’ n- c- gi c - n  a bm r k - I ’ing mind b ib to in u’ to )
[m u not e l i  mm t - e y e -  th e e-no with thto ’  h e mu rdwa mc to he - d e l i c t -  r - d  in  - b mun u a rv 1977.

( l U  21 Sept -mhc- r’, ‘c l i’ . I ~ob I ~m u ke i’ mi n d  ‘ci r . - J ohm N i t  - uo i e la ol ’ th e,- 1 ’ . S. ~-\ r n-iiv o ut
I - I  . ‘c i om - im out  hi ‘s is i te ’d  .\ cmton it - t ic- s to di sccm ss m m pot e-mit in 1 ,-\ rr io\ - cot - it r oict.  ‘l ’ht - efl ’o rt
in c  cdt c d  would h o e-  ie mu u -dwa n -c- and sollwa me dec’ -lop u m ier tt to f l ight  test an I’: PM cc’ i t l i  a
‘ l \ (  ‘ , \ N  and - e - n t rmi l  computer i n - i au i n it eg m ’ate -d sy stem configuration iii an ,-\ m miv on i re,’ratt .

( lit 3() Se -p tcmnhc- r, lIt r’ e - e ’  PC- r - sonu ocl fr’o nit A 1-A I - I - i  rc- (‘ omit rol ( imo c-[ imd ing
(‘ a pt. ‘c\’. I d e t e r— on) v i s i t e d  H oe-  ‘110 ’ ll ( IN l ab  t’or a status upd mnt t -  of ‘cdl (‘ 110 ~N

O )fl 2 1 ( ft’ to lm e- r 197’ , at - i in f ’e m r u - iea l  th -sig r o u-ec’ i cw was itt - I d mi t ,-\ut on e-t ics.  The
m ige ’ t u lmm ar - id l i s t  1) 1 a t t endee ’s  is  gi c c - n  l i t  I ‘mu ma 6. 1 • I • 3. 9 o h  t h u  s i’c-poi’t

( I n 3 N o ve mb e r 1971; , N : i c \  pt u ’sonn (-I ( I t  (‘omnoande- u ’ ‘Ic ,-\ ll ist e- r , It. hIc -ad hme - a d ,
i,t Southworthi , fit Vi i i - c- , ( ‘he i c i  Uut t rum and ( ‘ h o l e -  i ’Ft- en lly ) !roi’n t I me carrie  m-

‘on st ( -Iiati  oni t u tu re’(I th i  - Ac mtone -t  I (‘S [mmci l i t ~’. ‘I ’he -v we- re - gi ‘s - c - n a 30 it o inci te-  ‘cli (‘ lI ( )N
fam ii i  m m ri iat ion in ru - i i  rig and a s~ i-I t rot I ahi  too r.
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( iii I N o c e - n o o l u - m ’ , l i t i g ‘I ’ e - n o o c o  \ ‘m n n g h i t  ui I ) m i l l a s  ~L . ‘be I c -mi l l , I , . ‘Ic N u i t v ,
I . Sh i p I e ’ c  , ‘1. f l m t m n c - t t  :oiod \ ‘ . ( i n o i m i n o g s )  t i s i t e - d  , \ c h t e ) n e ’ t i c s  \ l j s s i l o -  5 ’s’ s t e - m y o s l ) i c  i s b n.
‘b ’ h m~ ‘sc - c ’ n’ e ’ gi ‘ s - c-no mi 1 ~ mit  i n ote-  \ i I ( - 110 IN oce  mc i c-cc- OhhO ( l  s v s t e - i e n  I m u l m  cc - mul kti o re M e g ht.

C lii I i  N o c c ’ m o i l m m - m - , ‘c ie’ ssn ’s  - J .  - ‘c . St-b occ-a n-i and ( ; . Vi ’ . S m u n g e ’ n m t  t - i s i t e - d
( d I  l ) m i t m -  l ) t - i o n p s t e ’ n’. ( ‘ mupt I h m e r ’ s e ’ \  lm m ’ co ck , ( ‘ l i f f  I , c , ot ’m ois , mi n ( I H i l l  I , :m c m he nido n ’i’e ’ n -  cc- c r c
oil  so pi ’e - se - u mt .  ‘ l ’ i oe ’  pu mp c os e - c f  t lo e -  t om e- e - t  inm g cc - mi s to ) re -t i c - cc - -\ u t o n e- t j  (‘5 p lans , quest ions ,

t i ool p i’oI d c - m i t  s i’m ‘ g mo u ’din ’u g ‘ci I I ’  110 iN m mii  ( I t  l i e -  S tm u m md m m rd N ac  igm uto n’ I ~rog ma ui . Scibse-qu t n t
to t h im i t  t u i e -c - t i u mg,  a h o n ’ i e - f  c i s i t  was t o o m o d e  l eo A I ’d , ,  ( ‘ apt lIon -J munosko .

O i i i  l - ”m No ’, m ’ m i t l u e - u ’ , mm I l ov a l  , \ i r  I - u rN - ‘l ’ m - m u t u o  ‘ s i s i t e ’ d  ;\ t m t o i ’m e ’t t c’s ton’ mi h u’ i eI ’ing
on n i t m o n v  pu ’og u -mi u mos top ic - s .  ‘ F loe - v  ‘sc-c ’ me e tc - mi  r ed t Im rung Ii t hoe ’  S tmi t c ’  I )c -pm o rtmc-nt and
I ) t - pmo m’t noc ’nn t of I ) c ‘ f e - m i s c ’ . ‘l ’ l o e-v load mi s k e - d  I lo u t m m ‘II ( - b l ( )N u n  c-f l  rig he on the ’  m ngc - nda.

)n I s  No ’s’emnh e n’ , H o e i n g  l b  - S pe n ’sm one nie - i  we -n - c-  he-  n’e’ sum’ c’ ( -ving f i n a l i s t s in t h e-
l b - S gte idmum ic e -  sc ste ni co m im pe - t i t  ion. ‘l ’ l ie ’~ ‘ se e -  n - c ’ l o n e - f e - e l  m i  t h e -  morn ing’. I ) isccission s
cc c ’ m e’  h e - I d  in  I hoe - a ft c - i-noon -i are s cc - c -u - i  i-m g mo o m u m ’ moos quest i ouis the -v  had.

( It - i 29 N o ’s’ e ’m -uil m e - i’. I) . V u - c - e l ant i au - id .i - I insom i v i s i t e d N ortbmrop to discuss
‘ci I( - I ~( N ouppli c-at I c ) n s  for th e -  l- ’ — ’m and  I- ’ — I M .

( Ore -
~ I )t ’~~ ’ni i h m - u- 1 ¶ 0 7 o ;  , ‘cie I ) ( m n ne-  I I  — l ) ou gl mi  s pc- o’ se)nn ( ’ I a reel -I c  chin P t - me h io c I~ from t i-me-

l- - l i  gh et  I ) t ’ mm muno o j c - s I , abooma t on ’~- c ’ j s i t e ’ d  -\uton e-t i es. ‘l iii- purpose ’ was to di sccmss the -  Ai r
I o u - c e -  \dc u l t i  — h - ’un ctiot ’m I n c - m t  i a l  I l e f e -  i- e re c t -  ,-\ ssc- io ih lv  ( ‘ c i  I I I , -\ ) .  \ \ ‘ to i lc -  lo - i ’e ’ , t het aske d
for and we i’ m ’ g i c t-n a 30 m i n u t e -  ‘II (‘ ll( IN s ta tus  h r i  e - f in o g .

uni d l  I )ecemlee r, ‘c iu ~. e • Vi’. So m g i - mi t  c ’ i smt ( ’d  ( ‘olomi el l- mntom i (1)011) ~I & I I .  (‘ ol l- m uto n o
ho o d re -qu est t-d a di sen Ssion of ‘cdl ( - II ( oN and biow it  n-I ates too t h o e  Stand :m i’d N m n c pn ’ogr-am /
‘l ’ ri cit - rot p rug rmnnmm , \ \ ‘ i o i l e -  om m the-  V m nst (‘oa st , ‘c i i ’ . 5m m rgc~-nt c i  s i ted ( ; mu u o i i o t m m n  ‘cc rospoict-

‘on’porat ion mind h- oi l  mcli i  Id I ndcm st r i m - s  coil I ~m l) e ce-no ih e- n .  Ii e p rot i d e - el  m m h n’i c - I  rig cmp dat e-
Ofl ‘ c i I ( ’ l l (  IN s tmu tus .

un I I t a i l  I d  l ) c ’ ( ’ O ui i b i ( ’  n ’ 1976 , mon - i  I n o te ) u’ um tmh I ole- s i g n - i r e - t i  c - cc c c m i  s lie ’ Id  m t ,-\ut n n m e ’ t i c s .
‘I l o t -  : o g c ’ ’ m o h ; i  m i n d  l i s t  o c t  m c t t t i t e b e c s  i s  g ic ’c-n  i r i  d ’ mi n ’ m i 6 . 1, 1 . :t , 10 ( i t  t h i s  n ’ e- pe t n ’t  —

O m it 1’
~ I )e-c - n e bme -u’ , I). I”re’eland , ~

- . ‘ci i l l t - r an -id II .  N asoni t i s i t t - d  ,\ S l )  Al ’ A• ‘F lit-
p tmr p o sc- W o i s  to b r i e - I  t h e ’ St o u t - ida  i’d N moc -  ( ) ft ’ i c c -  on Autouli -t i c’s logistics scmpport cxper’i t - nmc - c ’
( ‘ ;m p :i b mi l i t  i c - s  mund too oc i t l in  e on i- scmppo rt plan s ion t u e  Stom ui da rd N ac p i ’ogi-anim.

( o n  21 I ) e -c ’c -nn he -  i’ , ‘ci i’. 11 mu m c ’  I)owns (I l o l l o n o m a t i  ,\ I- ’ Ii~ v i s i t c -d  A c mto u o e ’ t  ic’s. ‘ Fl - ic -
pci rpose w mus lio pick cup i n t o -  nI ’m n e c -  n i e - chau i i zat ion in l fo rm i t  m it  ion on ( l ie-  i- I’’! t he mi t  ‘sc - ill he
gill l eg Ito I IoI lou o iamt f o r  St a n d m n  mel N m i t  se re-c ’ni ng t es ts .

O mm ] I ~ - J m u n u m u  n’v 1977 , mm n i u u o e h m t - r  c m i  p ( -u’ s e ) f lu i ( - l  i ’ r enu o o N eu m ’ t  bOi’ o) l) c ’ i s i l c c l  A t m i c ) u l c ’ t j ( s
d o t ’  mu t u  - c ’ h i n u ’ m i  I c - t o m l umi t  j o i n - i  o i l ’ I l i e’  ‘ci U,’ III IN I ‘rogi- m m u o i  • 11w pu f lut i s t ’  cot ’ I lo i s n i t - c - I  i n g  cc o s

1 c m  Iu’ m i \ - u i h u ’  mm i to —mis  I c on  Nemu ’t hu u ’ o m i ) ’ s c- ’, m o l u : u t i o , u o  cot ’ ‘cl R ’IIO N m i p p l i c o m l i o n o  tom f l i t ’  I- ’—5 m i nio l I- —i  ~~.

o Ifl 19 - J m u u o u : i  n ’s - , ‘ci i ’ . H i l l  l , o u u b i t - t o i i o i n i ’ c - n ’  fn ’oni o A Sh )  AF: c ’is i tc - d ,‘\ u u o t i i c ’ i l c s .  1k’
c m m 

~ p i - t ick le-c l mc I ech o ic - m e  I l ou - i  c - h i  nig omm i e l  s tou t  us upe l m u t  e m m ‘chIC II ( X ,
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( I t o 200 - b m i n o c m m i  i’c - , ‘c i i ’ . ‘ c l m me - I - J  m m c l ‘ c m ’ . / u y e m l o t  t u ’ emi  l ( c - p t i b m h i o -  I ) i c i s i e n i  of l - m i i i ’ - h i l i l
Inm t h i i s i  m ’ i c -- -- c i s i t e - c l  A t u t o m u i e - t j c - m - - , ‘I ’h o ec’ c c c - n e ’  g’ic ’ euo m l br i e f i n g  on ‘ci I ( ’ 1(0 IN p roduct icon J ) I m o f l m —

mm c l logi sI R’ m’- ’ i I ) I ) u ’ m m l c h i .

( O n - i 2 0 0  ‘I m m u l u m e  mc ’ , ‘c ii’ . - I ( -n _ u _ c’  Schtc ’ m m mm ’ m i m o o l  ‘cii’. l ) m n c c -  l- ’ r c - c - l m m u i e l  c ’ I s i t e c l  t he ’  St : o n ( l o h  i’d
\ m m c  g od  i m u n  c H u m ’  i \ l m m i o u ’  II ,_- n u l e - t - ) .  ‘ I h o c -  plu I’posc- (of ( l i e - n o t - c l i n g  cc- o h s  to  pn ’ot ’ idc -  Aut o n o - h i r s ’
i’ d ‘ ( ‘0  di Ot  m u e e noc lmot I cmii loin’ I lit’ l~(’ —1t ~ c p n’og i- mn mom .

( i n  ~ m I l i u ’ cm ou o , m j o 2 ’  - i m i t t i m m  my , I cn h d m ’ i ’ S m u u l n e - h  t ’ r omi o b l o l l o m u t m i n i  A I- ’U c’ I s i t e - ( l  A u t u m n  i c - s .
I hoc - v  c v m - m ’ e ’ p l c b l e d mi I i’ m h i u l i n g  e - e ) un ’s c -  on ‘ci I ( ’ l I (  IN imo I)i’ e b ) m i n~i t i o n  f o ) u  su h se -m ’l u o- n t  S t m i a c l m i  i- el

N : o t  t o m — h m u g  o i l  h l e u h b o m m u u m o n _

( I n - i l i t I- ’edm m’ i,t m i u-c’ , ‘ci m’ . -J — A. Sehcc- m m n ’,, - u - l- — ‘cR-n-ic- I m iu oe l V. ( ‘  
— I l e - n o t id  o m i ’

, \ i u h e m u m c - t i e - m-, c i s i h  o i l .-\ l- ’.-\ I ,  ~ ‘ n ’ igh t — P m c ( t e - n ’ sun -‘c I”B. ‘h ’h c- purposu- cmi  I lie - ci s i l \c ml s 1( 0
c i i  s c ’ tlo-m s m I c u s i r ig c Ic ccc no I he corel r o u t  c - i  f e tn i  s .
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SECTION X

P R O G R A M  SCHE DU L E

‘Flo e ‘ci i(’ I1( )N Ph mm o Sc- 2 U 1° n’ngi ’m e am Sc ’ht ed u lc -  is  sht otc -n in  d- ’igu mc 1(00 . ‘l’hn symb ols
in Se ’ I m m mc’ thin s t o m mi e b mu n i l  n u i l e s t e o n c -  sy mh ood  s m is  shoo ’sc ’n in I-’igu rc- 101 .

‘I ’h t- u- _ i gun -  I U Ci selono b ib - re-fl c-c-Is the c-con - it i’m u c t  n on ge i t i  m o t i o n s of lIt- f  5; the c In rout ion
of tht c-  I m it - i t em  too  sks n i _ mo n’ke I ’ ’ ’ ’ cven ’e shorten ed per l I e- f  5, th e  l i ne  i tem tot sk s mo o rke-d

• - ‘  cc c- n’ e’ i l e l e t e ,’i I I)c ’ I’ l It-I 5.
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