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Purpose

I ‘l’his Mai subn t ut’usg Met hisis ant l ’l’t~s ’ hist ~it gv M M&’l ’ l 111111 8,1 ss i’ ttiitlt ’t’ t aki is t t  ‘“‘I iiI ltt ” l~ ‘‘ti p’ t~% i ’ll
Islet Ilt s is ~ Ii Ut ~iiit ’ it ig t h. ‘.~ I i %t ’ l, a I a I ~.l listIlsern ’ gerts san i i i  Ill It ’ sst’b rt ’qu i ret I I

,
. ir t ’t 11 5% a i t I  I .. It 1k in g h i t  t •

it ’d F l i R t  ss ~lt ’tns ( tilT li t ‘.‘~ s I t t l l ( s  ,ir %11 s81’ll% list ’ geri lsanl u iss t ’lt ’tnt ’itis ss i t h  st i llc It :tl s u i t I l t , ’ .  1 1511 t

I t all he’ iisadt- 11% i n n s  ent I t ’l l  lii It ’i s’. laI r II at  to ts t ec hni q (it ’s IS, 55% i s  ci’ , st ii ’ls clciiit ’t I t s  a t ’ t’ ci \ ( ‘ \ I M ’ t I  ‘ . 5  1’

-t i i ia l t ln ,n  ~~~~~~~~~ ss ~.i.ltil gi ’mdmg aini labou ttais l i i s t s f s i i ig  l l Is t l  iitst It ’t ’t 11 111 opt ’tat IIIIIS In atlilil n i t .

t e  ms en i a i im I ‘.S (sI 5 ’S) Is i’t ’t~ lilt’s’ I)), lie elt ’isit ’is Is — II t t i t  Il l ni ahtiu I Is inc eros  lo  t he ’ I \ tn  St ’S t i  I i t  oe’e I us i l l

I as~tst’i i.’aI s l i t  IS K it  it ’ let tt  p it s itu ’ t i tUS t et ’hn tq u t’s it II as~s Is.’ i lea I t ilt II ~ il ot t  t I  h i  ts Ist %% i ’% ci ’ . h i t s r lIt it

been i s ai I t  hI , ’. 81st I t he n’ Is ug is tot  11111% Iii is it I ISt ’II’ aeiv a t i t  ages

US ot tttl~ t u g  t o i i i i  t o  5hlI~N’ l Ilt 1. 111 ttIhlili’ I*t lIStS tet ’hiiiqti t ’s t h u t  l l l IISilisI/t’ t 1st’ lIst’ t ’ t gt r i isai iutul l l  .ii~d i t ’

I t l i i t ’ t ’ t it sa l tqi t 1, 111 t t ts i&.Is , t i ~ t i si ’. ~Il’ t l~~It Ii55 s~ i ll t lt ’t t ’i’issiis t ( ‘lIs t t t t t ’ , t  I\ t 5% 85(5  t s t  )Il’ t I u ie i e ’iII g I n ;  Ii (Sj lhet  it ’~ l
II IIII ~is~sIst’i’tt ’~i I ‘Sl I t  tai t ’s St’s ~~ lt’i IsI’s iut itl t U5( 111111111’ W I l l  ht’ tal n’le ’a I i’d. 85,st ’ tss I IIt’lI• a isel I t -s IctI 1,1 11 It ti I is t ’
tIt’awu sg antI ~s t t i l t ’aI I t ’ l l  I e q e l n t ’ t s s e ’ n t s  gis t ’ls i t s  :~pI~’tstiI ~t ’~ A antI U.

I l’ht’ Inalt Ir tislIt’sl ’~uies of tills pI’ogl’utIsl i t i l i s is t  III ( I t  t lt’Ii v ei ’v III sat ssp lt’s III otitlt ’e’ l I 11% m iii’ t lillt’ttiit ~lIIl

.‘t s t ~~ lt’ptese’n t i n  g c t  as s t-n  I it sna I aistl I o t i  n - I t  l.slsapt ’ a p~a’oae ’Ist’s ~ * It ’Ii s’er~ 1* I i i  1st ‘5 l i l a t  Ic I ~‘ I ise

I 1551151 ( l I s t  t ’Ii t ’t ’l t x , ’  uI~5jII ’ tUtc ’I5 nI t ’t i t t t it ’t I I ts  1 115k I ;  ~.1t t Ie ’Iise ’i’~ Il l k ill ’ iISiIIst ’IIl ’ ui ltt i s itt i ttt i s 15111 I,~ i Int l

u t  it ’cd ts~ sm gle pt sits ; d ialss ( sIst I i t t i t u  isg ; ant I (-I ) t l i l t  t’l ’ \ ot t ’ig 1st set s at 11151 i s a  I cle ’n teli  Is I Isa t lsas t - I It t-I s
li5S.h ’lllllItMi 81St1 t t ’St t ’lI ,
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I I
I Section I

Engineering Approach

‘ I
l’hi ’. s , t ’ t t t l t I ( I Iss ’(is, ’n S t ts c ii Ilt it’ tI~ls ’ I5 th is  ~srogt’aln st ill t : ikt ’  il l t l t i t i ’ i t i t i i i  t l O ’ t t ’ *115 1 c tt e t ’i t s r  l i l t i hi , i d- ’ I n

t a hi t i - at  ti sg th e 15111 ic -a l elt ’tss t ’ist t’e t l e lu r u ’t I its Fl.I U 55 s t t ’ t l s s

A. DEVICE DESCRIPTION

I ,-~ F’ts ns’artl I •onk it sg InIi’ai’cct c Fl.I Ut S I t t i l  to a I l se t -uta l  l ttn *gIlig aIi Iil’ II:lt ’ls i’ l st ’ut lu lu i tsg tu t i ’  w It  a t t ’d

e’tss i t t  1111c c 1 s~ l is a lI ~ us ; 1st’ t t t ~ ~, t I l l  at’ 8 to I 2p in rt ’gtol s - 
- l’Isss s\ sI t’tss Isa s d ellS otsst r al t~I ~I I leI’t tlI’lss IC Is t i’  i l l

a s’utt ’sct y 1f *ias and nigl st st IlsIll’ s t i l t ’  i ssi h i t a r y  sot’s t- illatwe 111511 ti ’ uus ’kitsg s\ stt ’tsss ~

‘l’he’ t~~ I get being st ’uust sed t ’ t s s i t s  a i’ad iat stm s i g l s i t t t l t ’ e’ t ha t  is ~ussp lst ’s ’~I uu s d  t hes s I Io I s l i I \  t’d I l ls  1 O~t I l o i n’

I h~~~is I has ’ ~t t t l l ’8l I I I . s ( 1 ) t  uscclutles w i th  a wi sh ’ ~~~~ •~~~~~ i~~~~ ai sgit ’ f i t ’ l t l  i i i  I it ’ll tat’ ~~~ ~~~t u *t • t h t j t ’ SS

1 1(1 11 uusd tt le ’n l i t  i s a  I j I l t s . respet’; svs’ Iy • t ’tSist ’t’tS I t i t l e ’  I Is,’ t ’iu ~~ 1115t ’t ’ (I  I 1st ’ I I  Ii ~~~ t.~ * 
1~II I~ ~ 55 isIs ’ is tOt t l’~ I 1st -

sigt sal i lls I i i ’ l 5 * I g t ’ l5t i ’ a I l \  i ’tlsllt ’(i dt’t~~’tt st ’ at’t’av ,‘~, I l 5 % t ’ t ’ ili ’ ss’a lsui t sg nst ’s’ Isatstsss ~ i~ also ru ’s~e uti’ctI I d

I 
t he’ t ’tl t sS I l I t ’t e* ( i iS I i t a \

‘l ’Isis pai ’tie ’ulai \Cst& ’F P~’~~ ’an~ ~ ill 1 1 5 ( 5 1 ( 5  l~~I5 l i s t ’ isceds tat ’  It sss -t ’ost gt ’i ’i s s i t l l t u i u  ( *1 1 15581 t ahi’i t ’at t I l t s  :C~
i

prouls ’ hi’s sot I als It ’ l i i i ’  t 1st ’ alt n a I ; t ’lt’sctspe ’ a t sd I 1 Ins ages- in I” I I I  s\ si ( ‘ I s I s  5% h i l t ’  t ht ’ t sw s sl s i ’  I lt ’ts ot ’s s i t
tlss ’ ~ s s t t ’t s S  has t lst ’s ’ts tssit s snsiiet i Is~ li st ’ si~~t ’ at l o 1 * I s t ’ I t I - s s i t ’ t i t e t ’s t o  pi’ d s i s lt ’t’ i iight t ’s ’ ss eig ts t - 1150 11 ’ ~‘s 1 t I 5

pact ~

B. PROBLEM DEFINITION

l ist ’ lstgl s ‘~‘sI aosl * l ’ ta t s’ t I  ~ it h t ist ’ opll t ’al ,‘t l iss I Sc l t s t h i s t S  its pi’i ’st ’tst Fl 1R s~ s t t 055 (5 15’l’ II I c c I  us th1 ’ S t o  1~~ tn
55 aVt ’It ’is gt Is Is~ ho at sd ~ i ll 1st ’ slist’  at 1 1st’ I 55’ i t lI i t l ’ \  I s t i s l I  at 151155 as to  lsass s’s I t ’ l ss ts  ‘l~ t best’ S\ si t I ns 5% s I t  I st
s e- Iespt ’d Is~ i )t ~l 1 I )es/t lss elf ’ dit ’ts’s’t’rst  15 151 ss ’aI dessgtss lsas c t’s esls usti tt ’oiss th i ’  l i sou s  cit ’s t~lt l I st t’S ( ‘I  I lst ’st ’
SS (s t t ’ t s I  ‘l’Iss ’t- e’ is isissI •t t ’t ’ i5c t ’ t5 t i ’ u t t t ~ i t ’ I t I ’ i ’ I I t s  tsstsdtii at ’iie ’ at sd i’edus ’t’ l I st ’  s It ’lt ’ t \  l i t  tI jUh ’a I l,..su ’lIl l s tn ’ ’.
dt l55 ii I t s  1 li st SI  i ts i la  t ’sI tsseldult ’s, Ssi~’h an t ’Ilol ’I is~ t he Ai-ns~’ ‘s N ig ls  t V issols i ,alsos’utt at ’s s~I5 t 1st’ I I
in s agt’t’ Isas al reads beets as ’s’t msp l tslst ’d - 1 loss’eset’ . t ’at ’ls I” I ~I I s’ 51 eni s t i l l  rest t i l l ’s ”. .‘i Iu t  t ’t’s’ts t l is le  r ’  Is u s
gt ’ab lt’ patr *st ut t ’tscu sl I t’Iesu’opt’s tisi’ ts at ’t- usW tingl e ’ uusd ss’ids’ usi s glt ’ Iit ’ltis tst viess Kael s at ; Ist ’st’ I elt ’ss ’ l *l st” S

I 
t~nt5l8It )s  u i l s i s i l t  f as t  i’ apt ii ’~ l l,’tsst’s tn~~uit ’ prii ssnrsly trat i s  gi’i’nsaisitl tn

Its atidit sois I t s  t s sodtslust ’itu st ion . of lsi’i’ wtsi-kt ’rs has e nssnie ’ sigts it st ’als ; j ss’ogi’s’ss its s’t ’dtis ’sts g 1 1st ’ I stgl s l ost t~

~tst stst*’d wit h t he’st’ apt is ’aI svstt ’ts ss . :~spht’i is ’al sut ’ta s ’t’s Isuss e beets sit Ili ,t ’ei us a U l’V l~’s’is se st e’I~ I ‘lilies!

:, \‘t ’hti ’lt ’l F l _ I  H S~st t ’ns to t ’linstsnst t’ sc’st’i’usl spht’s’it ’al it ’tSSt ’s ’ Bust h stt hst uti st ml tss ut t ct’ s usl e’tls t a nti ss t ’igl st
sa s tu gs Isas t’ Ist’t’ss t ea it it t  I ~s’ it Is t Is is appt’l 18 ds ‘I’I st’ Is igl se’t’ t ’os t ill fs(ot it t5 ’~ ii g s~ *1st ’ t ’i s ’ Sill f a t ’’.. lsi I%% t’S Vi

t i t ’ t , i o  t 1st ’ t’tu’ther at t essi t eln at I isis s’uii ’t’i st M M & I  el t t st’t -

I I’ht ’ Isust - hirgisi . usika Is Isa lide ’ lt ’ts s toi -tss ing psI ~I’ ess I s e t  also slsoss is tssus ’Is p lato ssc t ass a ill bei ts g at ~Is ’ I a till’
due -,’ fi nn s  t a-shape t spt teal It ’iss e’i*’tsss’n ~5

I 47356

II
L



It Isas isl9t l lst’s’is 515055 15’ I i , ’ t l sat t ss’o t ’oris s -tu ~shape prot’t’sueu’s ( s ’atS t its g li st ! issi t t ou ’iss i i sgt tot’ gei ’l s laIsI i i I t i
ni’s’ t’e’asihk. l1t’tstiuct iois Iec ’Iusiques t in’ pi’odus’its g f ist’ dies 111111 dt’ ts • i ’n si is i isg I he Ii ts si t s atiti ( ‘ lis t i t  t e ’ i ’t IS i’
t5e’S$ si t these’ t’apahilit it’s insi st hi’ s’stahlishe’d 1w t Isi s progi’at is.

( ‘itr et ’u l ditss ensiot sael i-out i’eils ins I he i- ui’s at O t t ’ . honsagt lIst~i t v . uu sd t lsit ’kt st’ss i i i ’ coi ls kiss e’ lenlt ’il t toe’ ISt’s ’
ei~sarv Its at ’lsieve t ssaxi issuts i O’l’F pert’orts sanet ’ at each asscisslsl~’ . Sitsall ds ’s’iat issts in u is lt ’oi’issit could ic-
sti lt u s  15155 of s~’sts ’lts pt’t’toi ’flsaist ’t’ as seen on (1st ’ r eal — t its ss’ s1uspla~’ .

C. DESIGN AND SPECIFICATION REVIEW

‘I’he gernsaniuns lens elements and assemblies covered h~’ t his contract are illustrated in the drawings in
App endix A. Each was reviewed during the proposal phase of ’ this contract , and it was determined tha t
he drawing requirements were not capable of m eet ing the Mssdulat ion Transfer Function tMTF ) spet ’ifi -

cation it s the MM ’I ’ 779845 specification dated 28 Decensher 1976 , “High Performance F’l~lR Lens tsnd
Lens Elemetsts ” repri msted as Appendix B. 1)uring the firs t portion of this program, comssiderssble etThrt Was
spt’rst on the computer evaluation at ’ the lens and mirror assemblies to correct this problem. An erro r in
the  expotsenls for the sag equations was found, atsd these have been corrected its the  drawitsgs its Appe ’isdix
:~~. W h i le the lens and mirro r eh ensemsts now appear to be correct, otlser ns inor changes to the M’I’l” siseciti
t a t  ion or posit uot s im sg at ’ apertures and other ad,ju stn set sts issa st i l l  be’ required to obt ain tntsx i tsstitss
pert ornsatsi ’t’ trans t he lssse’tssblues, Other consment s ens 5-arious part sgr ap hs of’ the’st ’ spet ’u t I t ’Ls tut lns  are give’n

1, D.sign and Construct ion

I)s’ass’iisg SK — A B I  16-1 tat ’ ais a lu i ssitsu iss t om -at’ spt’citIes a hane ’vt -ots sb issa l ei’i~ I ai s t i  ciii’s cii l* .i ’I~t ts g at
utsdetimst ’d dstsst’issioiss, ~Vt ’ ss’ill use solid alutssiisu ni toi - a issort ’ et ’atsonsst-aI is sat  t ’i’ial ssit Is a lsas ’ki t sg at isI
m aoist tt sg appi’aat ’h suit able fist’ the assetsslslv test cell to b1’ bui l t  tot ’ t’s’uel tsa l  lots at l ist ’ d p I  ss ’uil s’lt ’ts~t ’ts t s i t s
this  issst ’issblv.

2. Edge ChIps , Surface Quality, and Handling

El im its i et iots at s-oat-se’ gt ’its siiisg opt’i’at Itoss is expet ’t ed to gm-eat ly usspt ’ove I Iii ’ ‘tsi ~s resist 815cc . stii ’tat ’e fits-
ish si - l i l t l ’hes aissi tu gs) . ats si ge’tss’ral hats dling esf t Ist ’se’ lt’tsss’s, ‘i’I~e’ sui’t ’at ’t’ ti isisls at is d iams so is t l - t  ut’ ts eei is ’t sS
I l l’ n si i ’i ’ t t t ’ t ’a is is t lt  hi’ tsst ’asitt ’tsti b~’ I 1st’ ps’ess ’mst st~i~t ls - I s dig tsst ’I lu st! M Ii ,-( l-  138301 . \\‘he ’i’s’ sit sglt’  lsa it s t  h i t -
t ssoi sti t ur sst tsg ($19 )‘i’) is t’s’a luatt ’si as a t’its islsiisg ope’t ’atiois iso’ t 1st’ itsi ’i’as’estl t ’s’gsot s. this spet ’it ’it ’at iat s is
1501 a~sp hut ’abIt ’ b~ tsat sirs ’ at ’ I hi’ ope’ratiot s at sti t 1st’ rt ’lat ivs’ its ss’t ssst is -it y at ’ t 1st’ 1 U ~ tss’ s’t ’t’ss t st t i l t la st’ lii i

t ’lsii st ’ issat’ ks, (‘atsss’qtte ’ist l v ,  out ’ eva luation appm’ssads list’ $11 )‘I’ sui ’t’at ’t’ t’issis ist’s ps’adue’t ’d tiisdt ’t’ t in s  too ’
gra iss wi l l Is’ tssoditled as sIiscusst’d below,

,~ll tii’ass u sgs ss~t’ us :\ tsp t ’ittiix A
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I l u t c i  te ’ l d ’ I i , ’ t ’ t m s i s ’t ’ sist ’ tl li(’ ts i t ’ast it’ ~~t i , t ’ i i t , .  s t i l l  l i’s’ usasit’ l I t  Isol ls  l is t ’  Ii ’ t i— ,t ’’. , et l , l t l s t l i l l i ” . -‘i i’,’tlei ’l i s , - 1 1111, , l I

‘.5 s( ( ’iI5 I’. 155 1 5% be ’it tg b u i l t  ss I su ’t ’ t ’ ‘ .ssi  t , i , -c I t  t t ’g s I l , t i  I t  It ’’.~, l ’l l t 5 t l 5 t i l - s , 111, 1 t Is i t s  t i l t i t  I Isi5 ’hm ~~~_’. 1 5 1 , 1 5  1st ’ 1 1 1 1 , 1

“ t i i ’t ’ii ssiI ls ,i Se ’t’ti t ’ItI I t ’ s ’ I i I t t t i i i  l i t  I s t ’I Ier  I h a t t  (~ * I I I I I  I Io i ’ i ton tue l  i’ s ’ se b le i t i o t i  i i i  l I s t ’ i ’I i t , ’ , ’t ~i Ia tn ’  m ’. Is t - t  t e l

I I 5 , t t I  1 -“ In  l ’{t ’sitlt s , It  t l s t ’st’ l t mt ’astilt ’liss ’Ists ss t il Is’ s’sl t ss I litt ’estj ss il ls ~‘\ i t  l u g  da t  .t t t  , i t n  , I i . i i t i i ’ t i , I  l i l t  i st ’tI
~~~~ t , i ,  i’s t e l  , st’ ”.s l l I t ’ l i  i’c’l a t t s  ~‘ t’li sisls s I u . i l i t

I $eis ’i s I I t t ’ t s t i t ’ s ’ t l s t ’t l l ’ .  Is III Is’ s’t l t t l j l i l i ’ (’sl ss i t l s  t 1st’ 1st ’l’to t ’usiuit ’ s’ l I t  Iappt ’tI pol is l st -s I  ‘., l I u l I I l l ’’~ t I l t  ‘.iisu l t t  i t i t i  ~s

red tspplic at Itli ss us ing t he t echniques at ’ ( ‘urt’io , (61 As t i ato bet’onst ’s as ail t th lt ’ , t’l lnsp ari sotss s t i l l  t l ss i  lit ’
issoul s ’ i ts  at lss’r ins’ e’st igatar s ’ results st -here scat ler IS ilSs’sI as a mssetssu rt ’ at ’ su r t a t ’e ri i lIg ls Is t ’ s

3. Performance

ii i  ti nie’i’ to sr i  i t s  l Ist ’ a I l ( i I i s~~i I l l I l t \  at t lw (l i s l i s - i l  I t ’IitSstt ’i’ l ’ L I t l t ’t io ts  ~( 5 I i ’ l ‘.1k’’ l i i ,  I I  l a lss  .1’. g l s i -t s ifl l i l t ’

I I~ ~‘I’~~”.tt . t I m e ’ ( ‘ pI n ’ s sse ’t’ c t ’ t i l S l t l t l I t ’ i ’  t i ~ I t i , ’ i ’tI ansi t s sa t s s i t a s ’I 0111mg , t I l , ’ Si  h i k e ’s % S i ’ I  t ’ :eell i i ’tI 110 t S Iili’s ’l i s , ’
,‘~ssctss Isl~ -‘s 11115! (1 II ) e ’t ’t i s  r Asss ’it sIsI~ it t i t i i ’ in g l is t ’  11i’oln~~al s ’ I t a r l  Bat Is isst ’t s I l i I t t ’—. sh ots eel au \I  I I ”  ~‘is

‘.islt ’i ai ’ls Lst ’It i ss hit ’ i I i ’si g t i  I’e ’ s l sism’ s’i sse ’IIl - l i i  atl e la tots , I f le ’t’ t ’ ie~qs’ai’i’i I l i t  Is’ l I s t ’  ~tpt ’I I s I l t ’ ‘.1 ~ i1I’. t I I  I Sh te ’, ns , ’

J :‘ssst’tsi I lI~ U t h itt  ,t ie  1501 insagi ’si s i s l , ’  (~ l5 t ’  i t s i s t  ist ’i-

‘ s t t s ’ t  t l I i ’ s t ’ l l t — ~t ’t’ t ’(* . l I i s ’lt ’”. 55i ’t ’ s’ ‘ \ . l I s i t l I s ’II li~ I Is ’itt ’~ ~st ’Il ss i t l s  t 1st ’ ‘s t i l l S  a t  t lii ’ l~t ’gl m % t t i t s , ~ at t hi ’ ~‘ ~‘ua I n  I I

~5 is slsoss i i  t h a t  ch;e t ig i t sg t I s ~’ u ’ \ i l , l t s i ’ I t ( S  ,‘t aspiss’t ’it ’ s t l t t i , i ’s pi ’tsi in ’esl t t t n - l  _ i s p l s s ’ i ’ i c  ‘ . ( t t f , l ,  ~‘s I’ u : s I i t - —~ I

I . tussl ~! ‘.is,sss c ’ t * I S t h l i t I t ’ t  I i~ l i , i s ’ t ’s , t t t i ’i ’ l i St ’  t ’\ p s l t s et st  s ’h et s g s ’  t O l l  5 t 5 1 1 1 1 5 t 1 t 1 1 1 ’l S i t i n g  .111115% a ll , - , ’ 11 *1 i a ,  Is , I ’.

se ’t55 l~l % t , ’t lh s ~’ , ‘i i  ~~~~~ , t t t d t l 1 i t s t ss  fa i ’tss et t’( ’t lu i i ’e t s i t ’imIs  i lo t Is  .lsst ’ I I l l ’ t t t ’ s  . I t ’ I i t ’ ,I I i s I  s ’OlSk’  s e t S  l lO”.t ’ I I ’
i i i t ’ t ’ l i t l g  l i s t ’ t st’ i g i t s ie l  spt ’s ’ l t l s ’ , i t i s l t s  t s ’ r Il l s ’ O i l  ( 5 ) 5  S i l i i I l l i ( t i S ,  ,“ss,st ’i s i l i l s  5, s s , s s  ,ds,’ ‘., I I  i s t , ~ , 5 1 0 5  I , , i  I l sis

I l t S t i i t t s  t , ’ i  h I l t  , isl’ss s’s t ’i ’ , ,-‘ssss’t ss I l I s  U ts sls~t u t i , ’, l i I t  l~ loss t ’ t i t s  l i s t ’ lk i t t m t i s  I o i ’ t i s a l  I t  Is t ’ s ’t ’ t ’ t i I t i l t ’t l t t i ’ si t hat
I 1st’ t , ’ L I I  I i i i ’ s  s’s it s  i” igui’t’s 1 _~t isI  ,! 1st ’ t t st’ti ,ts , I i t s i t s i i s s t t i i i  sl ’ ’ l - I I I I - a t  t , ’ t s  t , ’ m I 11( 51’ ‘ . t ( s i~il t o t s —  - \ ‘. I I~I I I l I ,  s a t

I l i ’” i g t l  t ’t tal’ l  s S s i t i l l I  l i t i’ e’s I t l I i ’ e&l i i i  , I I I I ’I ,‘5,s,ss ’tmsI t I~ 14 t , ’t  l i i i ’ U 1tss t s s  t a t ’ i s s i t

1 ~~ • Workmanship. Environmental Conditions, Identification . and Marking

N , ,u l t , ’ ,i, ’ t i s t ’ l s s a t t ’l’t iI s it s l l se ’ :‘sl~ t ’ l ’ _ t t i t s g  sit I I ss ’s, ’ lt ’t ss t i s s i  t t m i t ’ t -ai - i ’tt ’is t t ’ t st s  a i l l  l~ ’ uses!

0. REVIEW OF FABRICATION PROCESS

I ts  t lst ’ fe l l lo s sst sg ‘.(‘s ’ l i l ’t I ’ ., t i l t ’  s ’ i i t ’ i ’ s ’ t i l  il i’os ’e’55 ~ist’si t o t  t u t l l t ’ I s ’al i t i g  li s t !  t es l i t s g  ( t  s~’I si ’ t ’ t t  111,1 ,1s 1’hi ’I a I l ~
I, ’ I i ’ —e ’s Is i t’S is’st i’si , t i i , I  e ’ l l i lS i l i t i ’ t’t I s t i l l s  out’ pt’aIi,lSt ’sl pt ’slt ’t’ss A R pit ’s l f ’ltsss eiiags’ tIss  f a t  I hi’ I i i ~~’s - t l i

,‘*‘ i’s~ I s i u t i ei i ’i’sl aisel at  l i s t ’ Is ’gs t i i i t t mg t i t  l I st’ pt - el gt ’aisl is gss t ’ls i ts  i”igu i- t ’ -~~

I I. Raw Materiats and Purificat ion

I ( ‘ t i t ’ t ’ i ’is t  Is , l ist’ h I ss t , I t ’ t S s ’ a t e i m ’  i s i s  l~ I ’ I l ’ s ’ I I i t ’  ( , e ~ ,‘\ l i i s t l i t , - .i l l ’ l , , t sLs t ’t’s st ss ,l s i ’I i l I a l I l s  ‘.SI, ’Is , t ’.

i’ i t t ’ lset ’ I t s i l e i s t i  it ’s , lt sc * A Is  l’ts ’al ~ ,“‘ t t s s ’Is e ( i i tns s ’ l e ’I’ 1s~ I s u s , ’ls t l s i t ’k bla t i k , ‘t o~ t t s ’ I l I  ~ t ,~,R ’ (a ’  s ’ t l i ’ i t ’ i t l  iS
, I s t ’. 8111,111 Si~ t~ u s  qu~t ts t t t t e ’ s  111 i~~ t . Iii l I s t s  a t s aI ~ set i t  is asstutts e ’d t l sa t  l Is t ’ l s lat sk is gt ’ati ts si , s t i , l  l n h t I s t s t ’l t

I , ’  l ist ’ t i t t u l t ’ i I ’ . ‘. i s , q iu ’  as shtst ’ti~st’st Its the  t ol l si st tu g St’t ’I 11 1 115  l i i  s ’t i I ’ i s s i t  f s l i ’ t l I I l i g  , I l i t ’ I  , ‘ , i ,  lu ’ ’., i t  a i l l  1st’

I sli, ’ss t s t h a t  st i ls ’~t . i i i t  11115 l~’s~ issa tt ’s’mal , ats sl t lsus Is’ss ss ash - t ssat s ’i’ual s .tls .sgi ’ . , ‘a ts  Is’ l , ’, l I l : , ’,l 1” , ’t I I I

sI t t k i ’ , SIc’ t ’ \jst ’ ’I to ,i~’ Isi , ’s t’ it ~~~i I t ~ 1(1 Ist’t ’ce’tst ,- tss t s i s  i t s g tIls I Ist ’ t s s ate ~i s~sl ,‘ ,‘st l ’s u ss lsg  sss sai l i ’i  5 51s t t s ’ , I l
l*~,~t sks Slit ’iS is I ISI ’st ’  shs’ss is its Fmg s it - t’ I
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B L A N K = i 7 5 iN ~ 

-

I AB- 114-2 LENS = 0 .49 IN 3

I Figure 4. Lens Forming from Ge Blank

Ii
I It ’ ptswdt’i’t’d nsatt ’ria ls can he used , I lucy ss ’ill 1w meltee! and I ht ’is t ’asl ed to  t iss’ i i P l ) I ’ l I X i t I I i I  Is ’ s l s i t t i t ’  ‘ l ’ li s ’

pu rim v atsd (I ti pits g It’s-el at ’ I 1st’ st a t ’ ti  is g us at s’t’ial ss’ill , of ’ us I t t  i’st ’ . Ii its s’ to  he ( ‘1 ils I i- al let I -

1)u i ’itsg t hs’ s’at’lv I 9 ” i I ’~ ~ I echni qut’ as des-eloped for the cast ing 1) 111 h i s -a I ion sit ( t’ I I I  luil5I’i ( ’~tt  t’ I t i i t 5 s i 5 —

I ors ul isil t~t~ilil  t’( l st ’t ssn’otsdi it ’t or t ’u tt sp ot s t ’ tu t s . (‘t&’ its P0s~’dt’r h si ’t s s ss it s t sst ’it ed un dt’ t ’ clost ’lv ( ‘( sl i t  I’ollt ’(i I I  —

ttsui spht ’re ’ and thern ial  t’onslh t 115155 in a quart z boat ,  ‘l ’h&’ ingot ss-as subsequent l,v eht ’ns icalls eli-lied usl t sgj a t ’ss nsn sut s  (‘l~-4 HF ’, I I N o , u stu t l its - t i  is ’ un - id n s ixt ut’e )  t ’tt ’han t atsd pui’ifit ’d 1w zone i’t - i in it sg  its a mu l t i -
tat5t ’ t i i t ’t i t t ’ t’ , Single’ cry sta l  gm-oss’I bs ss’et-t ’ successt’u l lv  l)roduct ’d on ii PI’O(IUt’t j ots basis,

3- ’ 2. Lens Forming

Present methods of roug h forming the lens shape start svith a Ge cylindrical blank such as t host’ it idi-j cated in drawing numbe r SM-( ’-77347~ (A ppendix A), As shown in Figure 4, a typi c-a l blank sus hi as th u t i
required kir the SR-AR ! 14-2 lens uses less than 30 percent of the Ge in this blank, While  scrap mater ia l

I
ts csnssn sensl~ rt ’clainsed. its s’ahle ctio m s is expensis’e , on ly pat ’t iahl y t’ecos’es’ed. and only ~~- 15’l’t ’t ’tst of i t S
s’alue Is t’ecos’t’red,

Tht’ pt ’t’st ’usl lsst ’t hod of gs’t st ’rat itsg a leiss Irons the  Ge blaisk is t o ust’ grinding t t sals Its I us kt ’ a l l  I hit ’ I s s aj u ’r

J 
pu srt I l l  t he’ u sat eri al  A c  up gritsding lisol a’ spots by tOss’ sha f t  st-hilt ’ l ist’ ( t ’  b lank is spun by a st- t oOt1
shiui f  t - I )e’~s’ls dii sg in s ss’Ist’t’s’ I 1st’ spits axes (‘tosS , the sut ’f~sct ’ grIst’s-at s’d wil l  isv cats s t’x tsr s ’ t s t5 t ’a Vt’ . u its d I hi s’
i’adius it t -ur s ’aturt ’ is s’ists t rolled ls~ list ’ i i st - l i i sat iot s 1sf I hi’ tw o  axes , it S sh stis v ts i ts  h”igut’ t ’ ~i ,

I
1

Eagle- i’st cher industries , inc.,  Compounds and Met isis I )t ’parl isseist.  I’O Rox 7:17 . Qu apaw , Okla h omaI 74362
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I Figure 5. Conventional Methods of Generating Lenses

I
‘h ’l it ’  so t - t a t - i’s au’s’ th e ’t s hi - es ugi s l s’Itcss’ I I I  th i s ’ cle’sii’t’t ! t i t t l is is  at sil t l ta t sts ’ I t ’u ’  hi ~ gi ’i t st i i uig au th  th st ’t i  l ine ’  g t l u t l i i t i g

I
tt -If Is t ’ast ~5’csis I t stils ais t l t! it s siu s i shsi u sg gu ’it silt’s t~t alii’asivi ’ , l ’lst ’ sit  i l  a t e  is I lieu t’t ’i eth It I t  p t s l i s l s tu i  g

Iii t isi s i”’~ sgi ’atis I hi ve’ IstsI Ii su ’t ss - I t s  .51581st ’ a!slst’tsas ’lst ’s st - ill I It ’ t ’( sns 118 lvi  I st ii Is t I sv t oll sets l i t  sisal t isi ’i  ls~ ~t I (Ii ’
St ’i’i Ist’t t at 505 5’~ N u t  t i l t  Iv t i t s  ss’t ’ ext )t’t ’t ~ ~~~ ~~~ ~~~~~~ ~~ ~~ a’l sit is n u t  ~~~ ~~~ ~~~~~~~ ~ ~~~~ ~t’~~ ’ It h I sS 10 sIs~e I~ ’ il l l

I pi’esas ’Ise’s . In t l  a t ’ t’xpt ’s’l it sit list t ti s I iii I I st ’u ’ t ts t ’t s sse t sc ’t ’ i u ss pt ’tae ’is st ’us I - 
‘ I ’hs i s ss’ ill s’c’su It t i ’ t i i i t  1 1st’ t i l l  t I ha I I Iii ’

e ’tstss ’s’isl tes na l aisprene s - Ise’s e!s’se ’i’ibc’t ! alssss t’ itstlue ’t ’ stgu si l ’ic ’aist sot - las t ’ t lt et ss agt ’ t i t l e s  l ist ’ I ~t ’  I u’ tnu st l  se i Is is  i ’s

ts ia ~ I sas t ’ a i’upt n i t ’  stress as Issw as 7OINJ psi ’ l5 tshi slsusg tsst t y t t s sh l t ’ tss ’t ’ l ist ’ Fo I st it t - u ’ sI i t’Ms I t s  i t l s t i t t l  h [s ,( N N I

I
I 1St , Iso I I hle ’ c - S i t  -t sI s I t  I Isis iu ss pi’t is’s’ts ss’ts I is ti I te st ’  I I i t ’  lat t stl l i i  Istsss nsi it ’ll usis i l  t t ’ ail ss t ’c’t ssos e’t I N t s t t t ’ i  i sel
c a s t I ts  slsaisc’ to ’ h a t  ss csi’kt’d to SI5 ilIt t ’ st- ill s’t st l la t us t s si im i is sal  sui’lat ’e’ i lai ss itgc ’ , atit i uiuuI ~ sligl sl i5i t ~t liI l t5 it itI  s I t

s’iss’ussis ’al ~sts Iishs iisg st il l  it li ’t ’t ’lest ’ 1 1st’ SI u ’s’is gl Is I t s  aI st it tI  I 6,I NH ) psi, Al li ’ltsI t i t l e  iii I 1st’ Istil  l ’t i s’ t i i i t tg ap -

isi’csas ’he’s dt’sci’ibt’d Lst ’lstts shmt ~ u hI lsi’ t st l eie ’t’ I sigl s ‘st i’t ’ts gt Is t sp l is ’al hI~ i sks s u’i ’\ t ’losu- I a I 1st ’ l’s is sel sloth s ’ i t ’

‘ 
ci ui i-i’s! it t sti ,  tel a iss iu sitssi  t iss , e’I its s its set t’ I Iss ’ t se ’u ’ul Issi’ iou gls slsstpt ’ gi’ts st l i u s g . Tlseis , St sI 1st sets tea l ii  t at  u ’t ’Ia I at stl

~~ 1st sas it s gs asst it -tat  e’tI st it Is I lie ’ t’ ssu g Is gt ’int l it  tg t q lt ’i’ it I to  It s  slit set Id he’ i’ u ’a l i / t ’t I ( ‘sCsI it sg I l l  ( i t ’  It ’t si ’ “I t i l l  I t ’ s

in issesl el s slit ~u I t I 1st’ 1 isv ussc ts l s!u’ue ’l ap~tt’ t t st t ’is sts - st t la ls l t ’  Ito ’ it s its n s i i i t t sg  I 1st ’ 1 t sl at i t  it  l i i  itss t I l t  ust! it s t 1st’ I s ic I

I tlus ’t t i l ls at t ’lssse’’f ts he ’i’ at ss ’c’ le’tss Islai sks.

A sli agi’ltu st us l ’ a I w t s  - tuH t t ’  s ies ’uut ss l’u u ’t ise s ’e’ I t b e ’ i ts  su l e t  he ’t ss t ’~t~ I it sg is silests is its Figet sc t~ \\‘ it it I I sis se h i l bi ’ t ist c ’Il ,

I
I 1st’ s ta t  I uu sg us t a t  e ’i’isel , cit live’ I s’ ptsss’i!e’l’ it t ’ c’hutsk s , a’ I t t - st tsse ’lt sstt its hit ’ t sscsii! aiscl I hst ’u s e ’ t sts lt ’t I I t i n t s  I Ist-
isei t la sts et l s t  ii the ’ elt’stt’cd te’isspc’i’at ui’t’ gratli e’isl us t’si stishish sc ’d by sist lt ’pt ’iss!s’ist pins-el- es! h ost  t i s t - i i l  u I  I h i t ’
ci ppei’ at ni It I NS u - i  hsenil ing t ’le’iist ’ii Is. - h’his lsi ’ois stst c’s ut s itlit’ t’t ’ t iotsst I P0 si i t h it ’it ’a I i es i t  - u ’t 5511 ciii  g I Isa I st ii t i l t  l i t  a
ion Ist ’gitss set I lie’ issoltl bol l ts t s t aisti isris s ’et’ds upss’sit’d sit t h a t  t 1st’ t ot al  issal t ’i’iIil I t 1  usts hi t l t t ~ I” Il  I It t ’ 11111

I ~~~~~~~ I I list ’ t ’t’e’e’ st it’ I’at-t ’ t il ’ t ilt ’ isseh t is alltsss’e’d I ts  sts lidif ’~’ lse ’t t st ’t’ l ist ’ u i s l t ’t t a l ,  thsc ’ t ’~~~s s t l i s t s I t i  s I t  I t ’  e i ~soii
st sh itl il ’it ’aI it lus st - ill c ’tt tt st’ the ’ its gt t Its t’i’as’k, sit’ gu’t sssh~e’ slisl uss’ t

I 
‘l’h.’ melt is s’oesht”d at rates sltsst’ etsesugh scs that  impt ur i tv  ts sat crisIs . t’uij ds , ansi itst ’lusioisst art ’ t’~ e ’h nth ’t l
t ’rats s tlss ’ itsgt st , However , the ttlsswest ptsssible cususling rate will  1501 j srodett’e the tntss f eie’sirsslsle ’ usus t e’ri ssl, A
I tise ’ graits s u e , ~srcslueed by tsst sre rapid t ’tsu shing. will give the blanks greater st rt ’isgt is atsil Iis’csts! l b.’ I la i s S
absts r l )ti t it l batsd observed its sit sgle-s’rystal ;e, t$) Thus , a t’cst slprus issist ’ iisfe ’r ssse ’t liate cus slit sg rat .’ Isat
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Figure  6. F eutnace and Mold tot Casting Cotscsve i-Ct invesu Ge I ens Ultus lss

su i ts  cul t  , luse u htuslv v it ’lsls lls ’t ’es !st able ’ its terosf r ile -I ore , I sll r i t  s- , st i st l ct in t  u i s t u i  l s st - il l  I i t ’  isst ’ti I ‘I t t -u ’ I It ~ Is ’ i’ss

~~ rst Isn ’t ers st -ill hi’ e’st st is I isht ’d ci etr i tsg I 1st’ l~ ’rtu sel t I t I hs is I sr i ig r si its

-‘t i t e r  ‘ s i s l i s l t t ’is ’set ius n t h i ’ t he’ h l siti k is c’us t l si sht ’tt ’t ! , l ist ’ lit sss’e’r Its I 1st’ hsi ’sttt ’t’s ts r t ’ s t el t t usst e ’ cI I t s  i t t t t s i t t s l / i ’ l ist’ t i ’ti s
I st ’r st l e t  re g i’atl tt ’i s I hsu ’l tt’s’u’is I 1st’ c’t’t it t’r ti ttul u~ulgti - ‘I’hst ’ Isl i t us k is I hu ’t s c u  sus li ’t! I i i  ru It nit Ii ’ its Isu ’t ’ le l e t  tv i i i  .t I i  sip
h ir is l sr i at  t’ itc ’lst ’t lul ,’ I t i  iit ’ ts it l Isi g i s r issishia l sut rt ’ssu’s it u tc i t te ’s’t h t o l s l i ts v i n g t h l st  it ’d I h s iri ’l ’r i isgeuic ’i’ ~ I t u ’ss ru’1 It-I Iii
1115s f i t ’ tlistt’ also t sc ’e’urs in I he’ phsist is ’ letssiserat ore re~ ti l l s  -

l’isis liasis ’ cast its g tt ’c’hi sitptt ’ list s Insets scisusst’ ts I t s  1st’ •tpp lie ’sil slt ’ t e l  t~h ri sst t t lu s ts  a t u i l s l is ’aI ls l t t siks l ’n h i s i  st tt te lu ’
r t t usgt’ ‘t tissi I t ’rut Is , d i ssu tog t 1st’ i t t nIh sil l isu’ tnt rt is Ii ut sridt ’st l I 0) ii itt! sui l ü~ Its ( 1 : 11

l ’h ser,’ art’ M t i tsst ’ t’t i iuh *ts seisfal  t le t ’f i s ’ t t l t t t ’ s  I ts  hi t ’ th ’sitt ss’itht u t i  the c ’it s t i t sg  t i t ’ t t ’ , sis s t i l l s  h it ’ s ’ sts t i l i ~ I I I  u u p t t t ’ssl
uss it l t ’r ts I - N l i i i  it h ull t ’u st is I t is u slut tsss t l u’ria Is st ill  lie cli its it t at  est! ti’ u hits c’t I t s i tu t l t ’Flt t it ‘is ti t it’ h I  I 1st’ i r sI tg 1st ii a 1st I
I ,  ~~ ~ss~ ill th is t u’ - I Iusst ’ever , I Is.’ Itstt ’ tss t t l I ing 1st si t s I al I t’ its it ku’s s~ st t ti t ’ r .st l gt ’ u ut t i l t  ild n s at i’I’tit lie sit - ni lit Is It ’ I t
is t’su pt ’cft’il I Isat t i s8ls~’ ust ’ I ist sseu st-ill be’ setss ipe rtss a ts etst sti l t ! u snlv t ’t ’ch ii irt ’ sin t sc ’c ’aitits t sal rt ’I ’it sis ls ing ~issl
s’lt ’sis its g - I ’Is i s st-ill lit’ t ’ttsv lu sr it lsiser ie ’st l setr l ’ae’es hut Isr ,u sc~ts t tist sr e c i t ~ lsr *slsl i ’t ss li ’t’ ttsp lst ’ri t ’t i l  ‘a t t ’ t u t s ’ u”
t~iu ar t  ~ i~ lets sts’e’t’pt telsle isl u hlt! ti stit u ’ri sh its I Isis rtlteptsc ’t - “i st o k  tts g j srsshsle tss 1st-I tt ’t’s’t s i tu s h tsi l t  it’ t i t’ stilt! I I5i ’
up tart i nia f t u ris t I c l i  is In’ ts s ’u’re ’t sns u’ liv sitslst sst~ l it ig ii t hits hti ~’t’r u s l  t a  t i l t  ~n en s list ’ t s su ilt! ~I It il ls sil t s . i s l e i l l l l  u ’ an t I
gltt~s% t ’ar l susts 1t 511 ’u ’ (tIStI lit’ lit’t’CIsftiiilt’ its tousle ! t onI i’t ’ I Ie I s

ld,’sIlt’ , l ists ,stitt’r part ust l ist ’ tiiu sltl, at !j su ’t ’us t Ith 1st’ u ’uI tss  ~~~ t u t u ’  III i lit’ h’tss lshtink , still lists-u ’ it t l su ’t ’t sssil
t~~ pa t5M~u I ts cu su’tl It ’ ut ’ ts I le’ttit I lists t hat at’ I t’, M u l  tha t  ii liust s c’t su s hi isg t in’ It-tie Ii Iii is le st i l l  lst is ’ t’ c ’s ‘t i t  l i t  I t t _ Il is is I t t ’

hit is t hi’ tssu lId a nil release t’s’sst t i it - (~ua r t t Situ stilt! 1st’ a gus t I t ! l is t  sIt! Ins t t ’ri t e I t~ ir I Isi s 811151 It ’ll t O s i t  I uL u ’s’, 1st ’ -
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th e’ part usf’ t he nsts ld ~djneent Its the s’tIrse’as’e f a ce  of the lens Islaisk should has-c at I htsrnssi l expsulssiu sn cuset
l’is’ieist greater thats that at’ Ge , sts that it t’sstsfrat’ts away t’rsstss the blank during s’tseshitig, Alu nsi t s at  is a

I isuissililts nsssld issatisrial t~sr this aisishicast ~~~~~ It shssctld he tiuslisil that large numbers ~ su ch ~~~~~~ ~~~ he
t ’Hst as describtsd above, and that ztme retItseissenf b~’ diret’f lustial stslidifictsl iots s’Is t s lie tit’cisnsjshiteiss’d its
such a nsani st ’r t hat th e’ in spur it  ies are t-usncentrated its the tsuitst’rit ic- ash lncsuttst iisg rs’giats sst ’ flit’ hi’is,e

I ‘l’htsst’ letsstss that have at t’.tirlv u isit ’ssrtn thickness , such as SK-ARI I ~ 
‘.! , mti~’ b~ tsst sst s’csit soi ss it ’aill ~

t~srtsseti by hcst del~irsssa t issis sif’a sliced disc sst’ Ge (Figure 7). ‘l’lse Iemperasturt’ atsssss’iattesd wit hi t Is is lst ’as ’t ’ss
still be htsws’r t hats those etscssut stered I ll casting; therefore, itsspruss’ed surface t’inish astsu i di ts set ssii it sal

I t’ui ts t r i s l  i s expected t’rotss I his hist det’tsrmatiusn process.

Its sits expired pettt ’n , Gailagher t4 ) has shown that single crystal Ge can he plastic ally def~irmed ill tt’t t i

I 1~t’t’~stt ireM al tst e (;70”(’ It) ass hU gh 85 ~~ perc ’etst defuirns~tissts d i e  shsiwn iti Figture 8. Sin s iha sr l , sit sg le’ s’r s’sIsIl
si li cu sts s’ats hi’ det’us rtssed itt tenspera tu r es of ’ about I I(X)°(’ , Uts iseywell has verifies ! f hatt i t i l i t ’t st s . f ist ’ issaru ’
dit ’fil’ul t  n sasls ’ri sh , can hi’ def ~srt sied, A silicon wafe r 0,040’iisch thi ck ss’sss hest dtst~srnsed cit I :190”( ’ it s t i ts
at rgus t s gas ettl ssu is phere, Sitn iht sr lv, recr~’stal1j zed slka l i halide lenses hast e been produced at ilt stse ’yst ’ell hi s

I Hertsal G~
) st’ith the hot defusrn sati csts process.

‘I ’hsis t’urre tlt pri sgratss still evasluafe the feas ibili ty est ’ I his jsr tsce’ss by pru sduu s ’it sg hust tiu ’t’t sr i i st ’d t ’ v h i t s t l r t c ’al

I islanks usf siisgle t’rvstitl and palverystallitse (cast ) Ge, Eatch ust’ I isese mast eriaslit will  be best dt ’t~srtsss ’s! i i s fu i
large’r diatsseter cylindrical hlatiks with  tip tus ~bi sut ~0 percent redu s’t j est S its the i r  t srigi tut l I hickiit’ss.

I 
( ;~ is br i t t le  alt rootis tet ssperes ure’, but it Isas beets knus svn f~ir souse’ fimi’ t b itt this  i’sis-a lent ly busisdt ’d t is st
t s ’rias l ressdilv def ’tsrtsss at eles-ated tet isperalure s . (4 . 10) Sissee I hi’ tssssj ssr Pus its t  at ’ this  diss’sissitst i r eb lal t u’s f t u
the l’cas s ib i h i tv  sit ’ t’orgitsg (‘,e in lt s  shapes suit eshlt ’ f~sr 111 opt icas l elemeist it , us c’sst sipesristl t s u t ’ l i st’ sie’t~srtss att i s i t i

bt ’isais-iusr est ’ Ge and the shk ah i halides is its t inder , ‘I’he ai lk asl i hiasl is is ’s ( e g . ,  K( ’l 1 atr e d I M es isrit I Is’ ill tessfls

J tclsspt’rnture but hess-c beets quits ’ suut ’cesiut ’uliv t’ss rged j ot is 1H u spti s ’aI t ’lesssci sts all ~l es’tttt~si tt ’tsspe’rnt ttres , (
~~

Niatteria ls st’it h the rusek salt itt nut-lure slip sits 111 (11 c I 10” syst t’t,w s as t rtsisns tt ’mperast ore . () tsh 1st- si of ’ t 1st’
1110 1 ‘-~ 110” slip systtet sss are itsdepelsds’lst - and five art’ isetsds”d I t s  n s a i s s t a t i t s  s t r a i t s  s’u st st i i s t t i t v  dur ing

I 
t’t srgiisg , ( I I )  ‘I ’hcts I he alkali halides tssust lie wtsrked at high te ’is spvrat t usres st-h ere slip ahsts tss ’c’Iits Isi s
‘.. 110” svstetus. ‘I’he added sli p svstctsls prusvide the  t’ivs’ ne’eessisrv l~sr s t r a i t s  css t s t incs i tv ,  ast sd lIst ’ Isille ts
t ’lt is lie’ t~srgt’ci Its isigls strains st’it hc sttt l’rast ’fu n itsg . (’2~ ‘l’hsis is st-by alk a l i  halide t spt it ’nI t ’let sseists tire hsr gt ’s!

I Its s’ the  sit u eslius t s is ditiere’nl , (s’ hess list’ diatnusisti cubit’ t’r~-stal struss’tusru’ asosi siet~srm s by sli1i t h i S 1 1 1 1 1
s I It )” svictets ss , ( I l )  i c,, t h i s  sain se slip svslelsss I hat csper at t’ its l’asce t ’et st t ’re’ti c’eu hit ’ siset ail s, ‘I ’hsens ’ asnu ’ 12
inds’pt’lsdeist 1 1 11 1 III ssl cu ss mid sI resin s’tsflt i tsu i t  y is isest a ptuililt’tis - Ge is lin t t i e  at rtssns I e’iss ~iu’ra

I t tire’ hs’t’atuse usf the itt rang t-ovnletst hotsdin g its I he itt rot-t ctrs’. ‘l’hs.’ h ait I it’e’ resist cities’ I t s  the prtlpasgesl itOl u I ’
dlitl t ss’itt iuit is i s high asist i the yield stress u t tsrditsary Iu ’issper alus r s’s ge’tst ’rallv exceeds the l’rat ’Iure stress, “tI
t’Is’t ’astt ’d tcsssptinasl tires , ist sw u’ver , I he resist suet ’ is t svent ’tsnst ’ liv I hs t ’n ts iail act is-all j u s i l us t it! I lie nsaitenics l casts lit’

I plast ictslI~ defusrmed ,

;~ s’al t s lie det’isrnsed elf tetsiperast ores exceeding at liout r~t M ) ” l,’ - ‘rst-o liredtstssstsaui t t!tst~srtssnt iust s nset ’l sas tsi st t s s s
opera t e in t ’,e al l high t eissp cnas t tires , At high str a i ts  tastes and stre sses det~sr tss ast is i ts  uiec ’urs iss t hi’ c ’t~lsMu ’ r s a

I I Is-c’ m ust j ust i tsl ’ dislist’ait i usiss liv glide through the hilt it ’s’, in ~~ t he’ set reis s eslsts s’u ’ tt’hit ’li t let ’usn t i sa t t  t l s t i s~c’c’ur s

isnis’ by glide is ashusut 10’ -’ ( , st’here G is the shear tssusdculus ( 12) t sr 7rs .ftNl psi At stt’csst’s lt sw er I h ai t s  th i t s
atts d al itt ra sits r asles ci se ia llv etss’usuts tered its slt sw t~srg in g isper at itsts , Ge t is es ie t l ikel y uh’l~sr nss l’s slisl u st -at tu i t s

I c’r ee’p, ( 12) Its disloc’al ion creep, del~srnsait ion results fnusti s disliss’ai t lusts  glidu ’ tiisd t !il’t’sui t iuiis s’us nt  rs sllu ’d ~-li n s ls
at rtsiintl ushstnt’Ie’it,t 12,1;;) ‘I’isc deftirtised t ssit ’rost rst e t t ire t’us tssis ts u t ’ t!isluseat t it ’t ls ctggre ’gal in! t i l l s ’  cells ssr

stiligresins.
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‘I ’h c det ’ors ssati siti nsecha ts ist ss tspe rat its g in a issaitenial at differetst set rails ral t ’i-u ansi! tt’tsspt’ratttru’s t ie c c i i i
s’e’tsielsl lv il lustrate d wi th  the aid of ’ at ‘‘det’csrs ssait iu sn tsse ’chassistss tssesli , ”( 12 , 1 ~t 1 It s stl e ’ls a tsi eip, f ist ’ ist i ri ss ui l

J 
i,ed st ress, ,,/G, oc ptc ’uttetl as a t\snelioss s f  the ht ssn es lu sgtsuu s tetnpe’ras lure , 1’ ~1’iss~~- where ‘1’ t ie li st ’ st’isrk i ng
I eisspenai t curt’ stud ‘1’issp is I lieu tiselt itug pisitst hot h its degrees eslsscslu l is , ‘i’hsu’ st t’i’ies I t ’issperctt t ire ’ M I il te ’t’ ss l I lit ’
h u l l s  is theis divide’t! lu tes r egitst ss its which a sitsgle def tsnrna fit sts nse’chaisissis is rate’ s’si t s l r ts l l i ts g or tl i i t ss t u i ai t s t
Alsts pltstte’d isis the’ isseip as ne’ s’ont tlurs ssf cotistaist utt eadv -sl atu ’ straits rate ,  ‘i’hsu s tar asisv tssa il t ’nual tusr tt’ lic t ’ls

I II t !elisr t ssat its il tsseehas iist ss tusap e~xist s , titsi ’ s- is is de ’tertssitis ’ the’ stu ’att tv - set c i te sI m iii rail e’ st il t ! t l u i t s s t t s c t n l

det~srsisaI itsus tsset’hanissss ftsr assv eusnshiisat ion iii sI ru’ss mud t eisspe’ral iit’t’.

,-‘t s!t’t~snsssat m u  tsu e’i’isa t sist ss t ssa p hsr Ge is shustt ’n in Figuir t ’ 9 f’t’t stts Asb bv , ( 12) () ts lv u s use ’ itt r ic tus r a ft ’ c ’us l s lu l t t r
lisss’ is shtitt’n tin tlut’ tisap . i’lsis is the liott ssi is h u e ’  t h u  t lie’ I’igetrt’ alit! separ as lt’s list ’ ela ist I t ’ rt’gin se’ i st ’lst’nt’ tic s
plastic -de ’t~inss sat issti is expected) frons areas its stu’ess e ’tetss hseraslu uru ’ spatet’ ss hs’re’ dt ’t ’t sr t ssai t lusts ssc ’c ’cir s I ss
e’ g . ,  il ishu sc a tiussu glide estsd disluit ’al iusfl creep. Keis’li s!eI’us rtus at lusts tsi ei ’lsastu issss t isti p slu’Iht ’flt !s u si i I hit ’ su ’tlsI

I tis-itv cii ’ the’ t sui t ’ne tstri t c’t t ine ’. ‘l’he title’ shouts here has bt’e’ii de’velsspe’d t~sr pt s lvt ’rvs let l l lmse’  t ~ st - t i  li sa gr a in
iei~~t’ at l ’2M tss , ‘VIse’ t’ross - h atched area an I lie’ map iiidhs ’aitcs t h e ’ ra it sgt ’ tst ’ itt ressu’s atsd ts ’t iu lst ’r lst urt’ s ai ti l  i t t

paled duniisg I~irging, i’hse’ stress rasuge’ is fne stss I 0,(’W,~) Piti f u l  ahi t sut ~‘s0 ,IX ’t) psi . situ ! list ’ t t ’t sspu ’nutl ore’ ratsgt ’ 5s

J Irons t5A’,) lii  $t,X)”( ’ , N cif e ’ I hat tsi sslem I hue’se’ etssidit it sns flit ’ dui t i l i t la l i s t  t!t ’tti t’ ius t t t st ill Is Is s disl t sc ’sil u s i t s  c’i’u’u’

Alt hustugh isusl shts’,t’tu on I lie figure , the set t’asslv - se t cite ’ itt na ti t i  nil t’s its lb.’ I’russs - lint slice! rt ’gius i s lire pr t i l s t i l s ls  us
th e’ rang .’ cit It ) ’” I ts  L ) ~ see

I Hestsltial set resist’s t ’rui tss I lit’ Is etl det~sntssss t iu sii prt sc’t’ss m u  j i l t r a t!eui ’e 55 151 o il i s t i t so t s i l or i s i  i t s ’  I t h  l i i i ’  h u l k  I -
- htsst’e’s-e’r , atst st ’a lit sg u st s liii’ he’sss c’tsus lu ts g t’v c’lc’ cciii lit’ etss plt syi ’e! I t ’  r e ’t t u’s .‘ I he — it ’ s’t ’st d t I s t h  sI l’ u ’ssu’s

3, L.ns FinIshing

At ’It ’t’ t lie’ I,’tssu c’uns’autunt’ liaise heists gt ’t ser at ed liv list ’ e ’iirrs ’ust Is tutu ’s ! ru st i gl s gr i t st ! i i s~ i tt u t ! Iu tp ~si l sg ui p t ’r et l I t s iss ,
l i st’ sur l ’ac-e daits icige ’ t srusu !uts ’s’sl usust lit’ rclssssveu !, ‘i’h st ’ l ’i t sat l  It ’ns I ls ic ’k ts u ’s’- , I t t u s i t h s , alit! h u t  I t s u l  I i ~ st rt ’ t i t l i s t

J hi’ sut isul tatt scts usl gemserat tt ’e! during I lsis l’i t sa i i pe sh isi sits g tsr sij e t uis c iflu ! I u t r u s u i s g  ti pc’r st l u s s ls

i’ush i shittig ust ’ list’ Ie’tss is s!eiise t il l a last’ s’ iscetsily lair pit s’ls lul l s t t s i ts g l’it i t ’ ales t n iIis i tit ’  c ’t’ t ’I i i  mis si\  it!u ’ ~st sl isI s i t s~

I s’t iissp t su t sds , ‘I’lu u’ lap tssa ule ’ n iatl  is c’l itssest s I t s  lie stst ~ s’isusug h I t s  t’u sm i lo r ns I i i  I he iet iti ’as ’t’ h iu ’i lsg gt ’t st ’r ctl e’t! , h u t
tit st isis sust ’I as Ii i  M tss u ’a ir this’ ge ’rnsa it iiu nu , \‘t’axes , sud s cut lst ’e’sst’a t~~, ti n ’ eu sun! l t s r  i i t s t i s !i iu g sit ’ lu ’isst ’s Its l s lus s’kiis g
p l aIt ’s .

I Ft- t o ts l Ist’ slcits.I lsssutt t i t t  I hsc ’u ’tt se i l s I u t l s t h t I ~ - l Ist ’  t ’ t t l l t t i g sh it ’t ’ u I ~ , Is t ls t ’ iu ’St t~ , ,’ t i tu l  l u t I s t  u s ’ :t i s t  h i att  I s a t t ~ sl s u i t l l u !
lit ’ su sts iihi t t ’ I i i  I lissist ’ ttst’t I lu s t ’  glass , lh s st l  t ” , I Is ,- t u t u ’  u t  I s u ’ i t  s~u ’t s i ’t’ st t l u i t s  t ! u t i ’ t s sg  ~s ss h t s l sus g ~ i i t I  I lit ’ I I s u ’t i t s u t l
th ’Iusi ’ u s se t l i t  Os t ’hs st i’nu ’t u’ l i s t  is ’s u sI I lie’ l u t s  s iii  s i te- i ’  iii  I t tii lii ‘Si t u ’  I list I g t ’t’ t l s il ts 111115 a” i’t~ i i  is si i i t  SI ‘‘I ‘—I l i s t ’  I 0’I  I - 5 5—I

lilt’ - is ’gs u s ts d I ll it ’al gl u t s — . its I heist ’ t ’u ’sh iu ’ u ’t 5

Shshst ’i’iu ’ltl s t t t ’ Iu t u ’i’ Iu ’i s st’s s t i l l s  b ig.’ t ’n.!u s i tu ’  u ’ u ’ t i i t t t u h t t l ~ g- ,t it g I5d5Iisl5u ~ l lu gi s i t l ~i’-~ u ’I I I s u t ’ t ’ us t  s t u , s u u ’ , i lu ’I s c ’t ltl

I t u g  eu~scIut t hu. ’ ‘- i t / u ’ u t l  t ’qui~s lsst-us I ui s ui s luih s l t ’  an t i  1st- t i t l t e t s  l i e ’tts g gt ’ttu ’t’ u t t i ’ u !  I l ig l s l s u~s i t s  u - t I  i ’ I t ’ i i su ’i at ~ Is i s — I  Is ’

~i~ 1ishs. ~ i i m i u l i s  tul tanlls . st ’ isis tu s s a l t pIt’ “~sttiilIt ’ t h u  hi ts . ’— . \ s i i l i u ’m Ii i l  I r t i s  - .t i i l i . ’’— iii Is. ’ , l u i m s , ’  u I t i I i  ‘ I I , ’

h u t . - , un ci t iii ’s-tI , us t s i s s t u l l t l s l . ’  s i i uu t . I l u ’  t I tu tu ’li it it ’s tis it sg t - s t s i i i l l t t s l  I t lsi ’- I Su i t ’  t o  l I s t -  , - s~ ls ’ -l a n t  I s - I s u t t s g u t i g  i i t ~ L

I ts-t h it isg s’ l s ue i  stt ’t u ’t ’ts -ut it -s u t  llsC c’clt sipcttlui t !s utsi t i tl uu ’ In t ’l-c us h I i o u ’  t ’u s s s l e s s t i s s t t i e ’ t as t i  l i st ’ sI ’I I t I I u c ’ u l , a t u ’ , I  al i i i ,-
hip, u nit -li it lu!i s it l t t a l  hett is ! ~ius Ius Ii tus g is t s u s t ’ t t t ee lk  t u’~ t t t i ’ u ’ sl l u s t  u t ~

_ h i h iu ’ I  lu St l  l u ’t is u ’’ - , 
~ ~s . Iu t ~ i i s g  hi t gls t ’a I a l ’ i  ic 1

t tots t ’u iccls I ‘l.’ait sittg u t  lscsltshs ,tI l,’ts’.u ’s-i is h ii’ t ’ tust ’ t t i t ’t ! its u t 5 ulp u s a uIu ’~ t u ’ as i ’t a t ’ t t i ~ I t  Iu l 5 I u i %  , l t h Its hu nt ’ ~‘I s-I I su ’ u
su It .‘tst
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I
I
I Our prt spssued aipprt saeh in th is  program will mu itsim ssize Ihe atssisutst of ms ucttemia u l  reuusust ’e ’d dur ing  l Ist’ ti msi sh

it ig uspe’ral ieim ss , We have purchased a six spindle letus po h ishim sg isuct s— h u itse where flue’ specs! at t ’at dhs sh ilt is !l s ’ ,
the m au st inn u s t ’ each lapping atr mls , and the pressure applied t o  the ’  lap sire all dist i l ru slle ’t I isv a sut sgl t ’ s’ui t sl  ru sl

I pests-er-dris -e, All parts hieing produced thereftsre “see” the satsut ’ pt sh i ithiu sg as’li t sus at i su l pr ese u u un a t h i l s  ru ’s~si lI its
identica l seur t ’sit ’e figures, Thu s. optic -al mt isu it t srii sg ust ’ tO se’ surf ai s’e heitsg prus !us’t’ ! au title ’ sepit id le ’ r s ’st s,i i s
ably assures t he usp emattir tha t all cit her part s are the satnue , N utsierical s’esuu t rui l fromu s list ’ usp t k-al moms it or

I 
Its Ihe central ptswer .drive st-ill et inuuequenllv supply feedbaus’k Its aill spindle’s , Wi silt ’ I isis ilsus te ’ c iei tt snuz it e ’s l
approach ssppears lii  he the nsu~ t cost -effecfive approachu fssr gemserat j ug sph e’ric ai l situ! slig h t ( ‘i s- i’ l r u m s g t - i
asspher ical surfaces. sl rotug esspherit - surface’s will probably lie best gene’raslt ’c! by tuuusst ’r is ’ctlI ~ s’us msl rus lht ’t!
single poliul d iatuses iud-tu nu sing (Sl51)1’) equ ipt suetut - Eselcublishussenl ssf h u e  usp l ims i tu ns  I i t u i sh s i ms g pru it ’i’ss tt!sst

I t um id t eu nt ui tug by itself, tsr ftshluswec! by Ihe aiutu snsati s’ lappitug uspercu t lt sms (t sr t h is pruidu t s ’I m u s t s - I s  pi’ t’ciis r ls ’ut
l ieslu its t ;~) st-ill t’t i tus t itute ’  an important , significant part usf th is MM& ’i’ prt sgnas u u s .

I 
‘I’he applicability tif diu snut ind turn ing  Iii the gemsera s t i,its usf infres red tipt ktt l q ua l i f y  seort ’t tt ’u’s ~ c list s ist ’u ’us
detusotsst rated by •Jt hnsts iu and Sasilcs , I i )  Its this prt sgr csusu , causduct ed fuir hut ’ ,-\ I r Ft smt ’t’ ~t t at t ’r i:t Is I , ss hss sne i
tory (AFM I ) . Ratik Opt k—s LId - fabricated a dianutsnd-t urused Ge’ sssphuerit’ dcl t’t’t tsr - he ’ti se us itsg I lie -st sI sets
dard two-step tet’huui que: figuring on their R-et tumnitug mascisine , theus perI~sruis it ig at 15151 - I u rm u im sg .  s iu l s ’

I nsat ic t ’tsmp hi aiut hip final polish. Performance teslimig ssf this elenuetit scstist’is’! svslt’ns sls’sigis g setl s I~sr
spill -size and o’VF, ass measured 1w the l’mopel Model �00( ) t’t)mpuleri7e’tl 1)11” ss-st a ’tn .

I L ~muder cc Ius l lost - ts is  pu’ssgrcum s s tC t s i l t  ras ’t ,-~F33(~I ~‘ ,- 7ti .( ’ ‘s2-I.i ~, Ut -I l se mu c! il i st s c-I l I u t i il st ’ s t  ~-d ~ ss is lu ’- h u t - I t ! I
st t pht’i’k’ I c-isis. ‘l’h cir I iss’s’s’— ssxis Mssssrt ’ Mete’lui use st ets tised st’il luts o l l Ist ’ is ecu! tot’ se pt ssl ’ I s t sh t s luu ts g  sils ’l’ :el i s i t s
Test iuu g of I Isis c’lt ’sust ’tsl is st i l l  iii isi’sice’ss ntis! st ill  pt’t svitl s’ a s’i u b u uuhi lt ’ ts ’s’hsts t s l t i g~ i t i l i t l  I lus t Isi s \I ~st & ‘1’ ~s’ ’
gi’sutt . Figu re’ 10 shu sisu ’s :t less’ nt f l u e ’ diuti t n a sad - I acc’eu ’eI t ~~‘ h ecse ’s is :uz h: au’e’ uii~’i~ pc’l t i t u u ’I ’tJ t s r  5 Sim ’tu ’ s ls  I I~ s,s
teiis s,

‘I’Iie ’ ctuh - at s 1st gt’s Isu’ u ss’ids’! liv 1 1st’ uupp li c ’st I u t s is est ’ N I ’ t lj uuuss t  siss ! I 0 i’ii~t5 g I t s  I lit’ I si’ sss! tu c i  osis I ~t ls i ’ie ’uu t t ins pu s ’

I t ’e’elu u- c’ list’ it s l’u’ctnt ’d us lil ~t ’ut I c ’ss mn P esut u ’ l i t s  t ’C tl I u ’t ’ sst s I hut ’ i ts  lst ’t’ c i s  I St s ’t ’ I I  i n  s ’\ St t iu ! i’t ’j l i t  I ~tl it I t t  si t I Ise ’ ii i  s ‘~‘t ’5~
N at elms l~’ s-sets lsc’se’ t’hstm’as’ I s’i’ist it ’s Ist ’ bt ’tsu gist  I ts bcu t m ’ t~it ’ I h it ’ slits t let’ s~ 515 t ’t’ tt ’ set i’t ’:ts ’es , h u t  si5~ i ht s ’i Is ’ s ’ ’ i t t  -

ptiist ’is Is cu lt s lit’ ps’sslti s-c’s! st bert ’ s’usmss ’ c’ts I i tsis su I liii isIs i u sg t i it ’l’it ’t t It it’s sc s i ts  It ! t hu  lu st i’I its isis s i l t ’  c O t s  MU I t t  II  ic ’t i

I 
usf stsphi’t ’ic’s sts u t pi’tsdti c ’l lots syst c-us s’u s u ss l susm s t ’is I -

The’ ius t t’,s elu t u ’I i m s i s m i t ’ gs’ttt ’t ’aliit ’d sis l sluu ’u ’i s ’ so t’I’sim ’t’s i i i  I us s~ Sm u-mis s!t ’sigiss ss i l l  m sou ’uuss e l  l~ is-u ’tssst 1 sat t mugs  at
ills clv t’i’ce gs’ usC ust ut-  t sp l uc ’a I u le’isu s ’iu I iien- sot -Is itt u t ’f~ts ’t’, - I’I su ts I lu t ’ i t s  hst ’t’ u ’iu I seth - c u l t  I ~~ i ’ sit N ‘ ml in u s su i t  us ! I t s  i t s  -

I il sg st-ill lii’ t us h ii ’t’m s s it I lit ’ ule ’sigise’t’ siu ’t ’t’itS I a gu’tss’i’a I ash sluu ’u’t t ’ t -lm ’ms se ’ms I it lu ~t’ I s m’ s su Iii s t  us u s s sI s ’I i s . S l i t s  I I hi t ’t ’u4i~
Pe’s’usiil su t s usgs its d ’us mss h s u i ms t ’ts is , s’ u s hims st ’. st ’e’ighsi , ams t l  s ’ s s i t l  -

I 4 . MIrror FInishing

%~‘hi lt ’ I he’ les’husiques ,s I N 1’ m !icim csn d I urm u im ig has tu est prtsgne’sss’ ! It s  pru sdtts -t iu sms rt ’qs t lr d ’ussu ’t sl  it lu s t  I m’ It ’msss ’s ,

I
I huts t’ttpcsbility hats beets ( !em suusn strat ed au si prt sdut t ’I lust s scale’ I~sr h ai l limit ! c’i s ts l s i t t re ’ t! itst ’rssrc’e! ts l irr ssr s
Pt’tsd u t’t iuit u s ’aspahili tv fist fiat suurl’asce diausu ,isud musai chi n iuug is tuost’ be’imsg dt ’nsu stu st till i’s! ci t I !, sls u ’sss cli, u s
shustt ’ms its l”igure’ I I  tin the -‘uN é:’uAI S - u lnt ’rts red Hecuitu tuais sasns -e’ Set liru slue’t l usms ~srd i gnu t lss ,  ‘l ’iui s t ’ sgc t rt ’ shi siWs
as fnuur-cixis spin tisirrtsr with e’sss’h optical surface’ bicimug ni ctc him ue ’s! Its st’it huits  ~ 4 curs ’ ite’t’ssiut !s sil cl ut s i  luss ’et u t

I stirf ’nt ’e’ All seirfa t’ese arm’ t icil I ts  less tha st s I 10 \ ,  O t sg us imig i!sstst ’vwt ’II p rts grc utss s su n ’  ss- s’r k m ts g  Iass’ssrsl t Isi ’
extensi,sn at’ th is t’cipaibihit y Its cusnttsu red mis irmor ssurt ’aees,

L 1 1 3
.17354’s
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“1

Recetst encsssuragung rt ’i tult is al the L ’ us iver sits- sf (‘ahi ft sr i si ai ’s l,atwrt ’nce’ Lis’errsutsrc I ,utbnr asla rv ( I , l , L )
have shs swms Iha i f lset’aiuse the Moore N ;C di ame snd -tur n im sg mass-bu ses are’ cxl rs’isue’Iv repe ’celabls ’, thei r  ps’
riusd ic errcirs e’ati be ‘‘prcsgranuuuued.siuf, ” l3y ‘‘suurvev ’’ msie asur ius g astsd ats ’t’eur ateh’ rs’s’tsrdit sg t he’ e’r rcsrs st - i l ls
respect It s ‘‘x ’’ and ‘‘y ” slide Iravel. the reverse si gn (‘all be’ pr ssgrat misusu e ’d imul ms the  ussas s-t u li st — I ms t s l ’ s cus n sp ot u ’r
hlu s u ue ’ywell is s’ur nt ’tut ly wmsrki n g with Mtsire t el conshiuss’ ils ci smisputer s’xpm ’rI u su ’ st-ills \ts issrs”s I sru ’ c ’u si s s t s
machissing experience Its imuspruss- e Ihe N 1’ I’utselissn.

5, Ant ir.tt. ctt v. Coat ings

‘u~’h iIt ’ this pm’ssgram us does tu sh isutemsd ts s estah lish incite cuisl -s’l’l’t’ct is-c AR s’u icll imug ti~iprtsstdIut ’s , es mss ’ sit ’ I l s s m s u ’y
we’l l’s t’xis tim sg hrtsas dbas lud AR ci sat itug designs ftsr Ge still  Lit’ used u s ti ci ll t ’ssh ir icutl lusts Is ’sI hi lc su sks cu isd pru ilo
type’ lens parts . ‘l’hcse coatings sire required Its t nc u xi m i lt-  the  t spt t eal ru u nsnu is s i t i r u t hs rs ’u ghs l ist’ ss’s ( t ’mu
‘I’he high ret’r active index mit ’ ( ‘ue causes almosl 40 pers’enl re’Ileet im sms at each sturt ’sts’e’, ‘i’issts , AR c ’ii si t itsg s art ’
at ve’rv isece’ssarv parl sit ’ IR optical sysfemsu s usiisg Ge, Iii atddi l iotu , t lucy e’tus’ i r s imsm iss ’ts l sill y tirtsl s’t’t I i sc~
polished surface ssf each lt’tss lii  sta ih ilize its espli csi l pt ’r f ssru us at tss ’e mss’ m’r lusmug 1it ’ni~t!it est ’ t i us se ’ , ‘i’ht’ rt ’qsiirs’
ns e’tuts of \I I.AR :i0*~ type cusat i ngs tIir e can be isuel w i t h i n  the’ exist lug s ’sap s alsi l i l v in i i r ms iu e’t ion. ‘l’his
shmsu ld h e ’  ass integral part mit ’ I he’ t’cscilitv dusing the fiuuai polishing t st’ s’ctchs t ’Ie ’msse’nt - ‘i’hs’ m ’ I i u s i t suu t  imsn sit ’ isis
sust ern sedi sste ’ I rausst ’er ust ’ the’ pushished nuale’rial decressses the chance (sir ctsat imug tluiussusgs’ I iscil ii5ul\’ ssl lien’
55155’ result (ruins usu sre ’ extensiv e ’ b atnd l im sg , A u tmimsuat iu sms u s l ’ the AR ceialtissg pu’tst ’ess ntis! m ss its i islis ’sll  lu sts u s h ’ I h ut ’
maunbe ’r sit ’ lstyt ’rs an the’ .“uR e’u sua l ing design should be’ (ta t ore goals us t ’ sit her M M& ’I’ prusg r suutss .

Ext etusis ’e’ wu irk iii the’ area esf ctiall u sgs (tsr Ge h a s  beets pe’rfu sr nue’d cuid the- It ’ t ’h im s s siu s gv hsu sits ’ stu d gt ’ms t ’r sul
s’u iaf iuu g e’xp e’nit’ mucu — t~sr produ -itug ctiaslilsgs exists , A preseust pnusg ramu s ((‘ms m slrcidl  F’ I 1 5  77 1 ’ ~i(i s7i I ts  si c’
s- t ’Iop cnul t i lsu y er th in  l’ilm m’arnt ings Ii i  laser harden m,ssile and fiR ~) Iit ’5iI t r u ui mss st i l l  stddru ’ss fist ’ pru i ls
le ’ts s u st ’ AR s’u iati t ig Ge its I he’ $ to I2 M m regiesis. This prmsg nssun is expecled Its  hitos’it ie ’ s sslSu c ihsle e’xlieris’isct ’ it s
:\h~ c ’is ~t I in g (;~ Iha s t will  be directly app licasble Its Ihi s e’ur t emst MM& l’ pru igr u t l i s  ssls u s l i l ic ’Si I usti in is ’ssl l usms ,

6. Optical Assembly and Testing

Wh ile’ thus’ e’st sthsl i shitiss ’mst sit u - sssl ‘t ’f ’I’m’s’I use  551 st is ’~t l asse ’musLil ~ I m ’s ’lu t st s itts’s is lit ’s 55 t h !  l i i i ’ sctihst~ u st l i s t s  h i t s
g i s t  mis - it is tic’t ’s’s$sut ’\ I t s  sisse ’t iuhlm ’ I ise h-u sc’s siuss l mist mm ’ s st’s l’i’us t si ‘i’asks 2,O z t  t i m ! , 0 s c m  it! csis l si l ts  I hu c ’i t’ St Ssu ’l Is
blest dpI ic ’aI h s ’t ’t u s r t ssai sm ’t ’ ‘l’e’sls stilt! m s s t ’uu st t t’ t ’ i su t -m sl  it sit 5I5’s’i titS! 51 ages ust t ’u s Ii sI I ’tt u ’I tots ss s l h Lit ’ t lsam! t ’ t o

.ussu ’ss I lu t ’u i e i u i su l i t ~ ~t uu i I  s ihss l t t ~ I u i  t sls ’e’l gt ’isi ’u ’aI it st i ’at’ t’s! it ” S l t ’ t it t’ i’u h t t t m ’ t ’m l s t ’ m s m — ’ h h i ’~~’ l u s t s  .s lu ’ u ’ t t t ’ gu s u ’ s . s ’s!
s uit t s s l l u sss ’—

• I ’ h s sit t ’ re ’qutreei lu c !e ’Ie ’rn siuut ’ I lit’ soil it l i i h i ly  ssl
’ prct’iisi shm’sl lens i’lc ’nse ’ist it ss-Ississ’ t igsirs ’s sirs’ t hs ’rm su a l l

hi irmiue m l s s s~~’ I i i  I i  t ist I 5! i t ium ’tistu st is -

• I’ h~sst rc’tiuirt ’d lu s delt ’r sisitse ’ surlcis’t’ ut ct ’ur cst’y during I’itusul f i ts i s iu ing sum s ! ss lu i lm ’ st i l l  t u i s s t i m s t t ’s! t
’
s s r

h iu u i s i s ius g .

• l u t i s t ’  re— quite —c! I t s  s!c’l u ’rnsiu se ’ lm ’m i s s’h ’us ss ’uut su i tas l i i i i tv  suit msue ’sus ur e ’s! I huru i t i g h ussss ’us ih s I~ sir ‘-5 sI t ’t ui
pe’r (usr ts sau it ’u’ ,

I n t l  tal l ~ . t i n t  s S t l i l j s l i ’s iit’ u s l e i m m ’ u !  1st t ’ Siu ’li si l I lIt’ lu i t ’ t i s  I t s  shi sl I s m ’ t o s s s ’ I ’ssu ’s su s h I  Ii i ’ t i i u , I s i u l  u ’s!  I a ,sssu ’s’- I li m ’
s-s t tu t : t h i i l t l s  u t  t h i i ’ i l  h s t t i h , ,  pu ’ ui lst ’t t l u ’s ~‘ns~ti i t5 s s u t i t , h u l l ,  s i t - h i ’s - i s  c ’ss t s u ’ t t u ’ s ’I I ’~i l5 u ’ , 5l I i t ’ u ’ I u i u t t s s t u s u u ’ it s 155 , - 55 5 ’,

I - I o
473rs1;

- _ _  - - - ,



- ‘ -  -
~~~~- ‘ -  - -~~~~~~~~~~-- —--~~-~~~ - ~~~~~~~~~~~~~~~~~~ --- ‘~~-~~- -~~~-~~~~~—~~~~~~~~

- - ‘ ~~~~~~~~~~ _ _ _ _  - - 
- ‘ 

-

I 
)

‘

1

1- ’ u,~ut ’e I 2 . ( ‘ on~put er — :\uto’ti ’idt & ’ d (,)‘F t’ I ‘ - i s - ’ Tcs t  I ’

I 1 1 7

I
_ _ _ _  _ _ _ _ _ _  ~~~~~~~~~~ —-----~~~~~~~~~~~~~~~~~~



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

)

I a I at ~u ’ itt l ss sm usisg t ’itt ’c I is’s at t ’ u ’ti is - l i s t ’  i t sm! t ’\ ,‘aiu l it-r I t im - hi I lit ’ ss s u v u ’ l i ’ s u i s t  , s t s s !  I hsc t ’s’Is~ ul u gt ’ s td t ’  I him ’ , u l l i i I i  S

t u i  I s s i - i s t  sh ssem’ is s t i i s I s Z m ’ ’ — , , au th  2 )  s t i l l ,  i i  “ s a l  1 s t  s ’i ’t itt ’t’S t i l lS  , 151s t ’  5551115 ’  ssl th i s ’  t’ S I ( I i S t t i s i t t  i t t  I I  . l i I ’ , i i I t ’ -~ I l I i i  i s

t ’ , I t l  5 ’ ’,  5 , 5  l I st’ t a-Id , t s s su t 1 ~~ a ,h’ , - s c,s ’—s ’ cii sa u l  i 5t- .i

h is ’ I s u i l k  151 ~- I 4 ’ m  l i t ’s u - I  l ist - I i t ,  u ’ l u ’ t u i i ’ I s l  s i ssei st  l it ’ s l s ’ t u i u i t i s t  m’at s ’t I  is hi s ’ im sg soil a l s l t ’  lus t ’  t I l t  s i r s !  .s ~~sp is ~ i t  m~ ’ u s —

t i ie iu ’l im ’i se hs ’tsl at I 1st - it ’ — s i t I t s  t ’  isi ’ u s I s’ t ’ l tt ’s , I t s  s s ch l t t  tots i u s  5ttm !is ’~tt t u i g  l i s t ’  I i t’ t ’st ’t it ’u ’ s I t 1i t ’ a ’ luo ’ u t i s t i u i  ,‘ s l t ’ s , ~i , s s l , s

I i u s t i  tho u’ i s ,  l ist ’ ( s t i l l ,  ( h i , ’ ( 1 s ’i l i t - s  sit  I his ’ t t ss u t t ’ i ’ ts t I , i m s t ’s i i ’mus .e t  i s s t s  s ’t s i s m - s ’ l t s i i s g  l i s t ’  t usi-s ’ ius i t s t s t i t  l i i ’ ,  s s i t  u - u i t l i s I S  lit ’
I i i ’ s u ’ ,’— s , I I ’, I t  s t ’ , i i i  i t u ’i i i  i t , ’ t t ’u l l m t i s l t s t ’  t u s i ’  I i t ’ sss ’t’s’s t m u s h st ’t I t m ’ t s i s ’ i s t  s t i l l  lit ’ sIst~ I. ‘ l ’Is t’ m ’t ’ t’\ isl ItI’ ,Z I’’’— i ’ — I t S  5— a

Isi t u’ l i l t ’  Is s i l k  sum is i  ‘— s u u t , t s u ’  h s t s s I s ’ t I I S ’ —  i t s ’  s i s - a t ls u h s l s ’  t sii ’ t h i s  1515 5 5 i ’ss s t s . a I s  s5 ’,

• ‘, i ” u l s l s ’  ~~~~~~~~~~ It i tt’ I ’ tt ’i ’ ti iit t ’l i i, I t ’s ’ I u t i u m iett ’s se- ill h is ’ e t t t l s i t ’uI  Iii ,s’—’ u ’ -_ ’- l Ist’  s t i t t , s s  u - , l t , c i . u s  t i - i  ~ i II- ’ at t h i s ’
Is - m i s  t ’ I t ’mus u ’ t s t

• I i s t m - s t m ’ u ’s I 1i 5 h ilt i t s l s ’ I t t ’ I , I t ’ S s ’ l i  sti ll  lit ’ 1 i t ’t lu i t ’ t u iu ~l 1st l l u t i s m ’ s  s c u l l  i t s  u s  I ’ u ’ I s t t i u i i l  s t i l l s  I )u’ - L i n u s’s

\\‘ ‘s , i t ul , s u t t hus ’ t ’ tut t s’l ’sll\ ,st , \ s I , ’ s s s i , s ’s t~
) ls l u s ’ .il S, I u ’ i s u  u ’s ( m’ttt t ’I - s il l l i s t  151 ’s 5 ’ ’— -— ‘— , I l I l i S i u’ ’ — s t u d , s t i  l i s t ’  slit ’

s ’t t i u ’ uI  im ’i i— ~ ~es,’-se’t ush s lum ’ s  I ’hss ’su ’ le st it ’st slt s , i ts  s u i m u t t t m s u  1 1 0 1 1  t s i t  is l i s t ’  ‘— u t  t , u s u ’  s s s t t t ’ l t ’ s u i s t  - i s , t i , a s t t i  I— ti , —

Ii’ m s tus  t s’st t I  1, s t i l l  Isi’e’$s’ts l l is t ’  55 s ts t ’t t ’ us i t t  ,li— -t s I l  I i t ’ l l  s u i t  I , u u l n u  u’s l 1st I l l s- h u l k  t u s s s t u - s ’ i , s i  s i , ’t u ’ , ’t s

• I mil t ’ st t’ s’e i 15 1 5 1 1s t !  t t ’ ~u t ssIt ’i’ I u l i l s ’ t t t s m u  ( 5  I l ’ s Ii5t’ ~t 55IIu ’ t i i t ’ t u I ’ -  s t i l l  ist ’ ~‘s ’l l i  i s , , ’ , !  s s — u i i s .  I l i i ’  l ’ t i i i i s ’ I  \ I , s s l ’l .!eHss
s t t i l t s t u i ~t I I t ’ U’l’F tO pt ica l  ‘F m’ stt sstt ’t’ h ’ t i i s u ’ I i s s i s l  I , t ’iss I’,- — i l u g  “t ‘-‘ t u  i i  u h” i g t i m u ’  I ,~s . i usu ss ! t l t t - s I lu s t ’  -5 L~~u i s t

h s t ’t ’ t t s i ’ i iss t ms s ’t’ , us t s  l Ist’ ISI ’ sus ’s-M s s s t n i h i h u ’ s  e m i t !  thu 1, 11- ’ ,s ’ ,su ’i i s l ’ i s s ’ -’ Ii. ,’— ~ ‘- l u l l S  i — , t t  , I I i s t I s I t ’  s s t s s l  ~~~ 
i lls s t i l t

l s t i s l l lu i t ’  t m - -I t u g  l”i ,I I -~ t ’t s t s i l s t s t u t ’tst s. l m s l s s u ’ t i s s t t u s s m s  lm’ t~~t s t l i t ’ — , ’ l u - - i ’ — , l t h  s t s l t l t t  i t ’ l l  t o  s h i s s t t u m  l I t  t u g  u — ~- ’is ~i ’l t
515511 s al hi’ c’t i t t t ’ i u m ’\ iu ’s l ssltlss ’. ss u l l  t ssisl  i i i  i s ls ’ msl i l t  l t l s ~ l I s t ’  I ‘-

~~~~~
‘ s I  b i l k  s i s ’ l , ’ s I ’ - I s i s - s i - t i m  - i t  s t t h \  I i s s t t  is ,

thu isu’ slut’ Ia  itssIt- ~ s t l ’ i s u l i t s u s s  l u o m s i  t h i , i s u ’  slit s ’  I i i  t s , i ’ t s .~ i s l  ~ u , I t  h I  5 lh ~_ i, lh S’ t t s , t tS t ’S t i t s  L ’ i’ t’54 ’lii  t s i -h i i i i i t t ’  , ‘ st

I i s th s i l t t  s t i l l  .u i s s s  ~tIlsstt Isa lils ’,sslim’ m ’t ilt’ii t t s t ’ I t S t~ i t i t  su II 1 5 1  i s i s  m lii ’ 1110 i,d t s t l s t  i ,  I i  t s s m i  t t ’~ t sstlil h ils ’’- ms

u pt sums Is  l~ t 1st-i t ’ I se i 1k ~u ism! so t’h ’,ts’u’ 55 .111 ci’ -

‘us sIit sst ii i ts  F ’igtui’ m- I~~. tusss d i l ’iu ’ su l t s s i s i t  t s s  l Ist ’ ‘l’t’ssi st’I Nls sml t ’ I  ~s M)l ) ( ) ‘l ’i” l’ s ’— t m ’i’ I t s  I s u ’ u ’ u u s t t  ~‘ I~~~u i i s  I I~ i l l s ’ ,

i t t i i ’s’ I is t ’ t u t  hi n t s ’  siIi’ t ’set !~ Ist’s ’ts i sss tt k ’ sut s d t tss ’ l t i t l t ’ st IsIsi ~’kl s~sI~ s u s t l t t u ’, ~ - I 2ss 5 1 5 5 5 1  i s u l  h j h t s ’i , s u m s  I l~ ~‘ i h l u i i i ~u u , ’ s
ss i t li st II salle ’s ’ 1 i sm’ t sl sl s s s , s i tu  s! su i~t’sesIt’t’ I Iut ’m’m us 55 151 It ’ t It iu ’t ’ t u s t  st sst ’t su h s l~ -

.-‘t slt! it  t s s m s s t l  l m ’sl s m u g  ss i l l  l it ’ ~5s’t’ lcst’ls5 i ’mI I t s  tsse ’stit t i t’t ’ msssu l s ’ u ’ t se l  u’ I s’e ’t u ’i t ’ssl  t ’ u ’s ls t  I t  I t ’ s , 55 15 1 is ’a I . t hii tciu’ I i t  t s O i . ansI
ussu ’~’h u s t m s i ~~t l St I ’ s ’ ms g m Is I t s  th i u s t ’ u su i g l s l ~ sl t ’ t um s ’t ’ l lue ’  s u t u t l s s i t i s i l  t I I I  t u . t t u ’i ’t , sI i st ’ usu l t l s ’t ’si li~ I 115’ 5 _ L i  i s i l l s } s i ’ s s s ’ s ’Msu ’s

‘ i ’Iis ’ s l i t  l a s s ’ I u t ~t u i s ’ s i t  I 1st ’ s i t— , s ’ I t ’tuiu ’tsl  s’, t l l  Isa u i u u ’ m u i l a l ’ m ’u! s l s s s ’ t u s g  I l i t’  I sussal hims i shi t isa ~ tihi(’i’sttisii s I s ’  I I S i t h i i S I t ’ s ’

l i i i ’  l u t i s t ’  t ’ u ’t l t l t t ’ t’e l lu s t ’  u t s ’i’ st l i m s g  I him ’ l u - st s u m s t l  t o u t s — Is  s s - s i u i t - t s u ’s’

i I u m ’i’t ’ ,ttu ’ t s s s t m  , a i t u ’s m s _ s I t ’  s t , i t s  s t  l t ’s t i t1s .~ ‘— t t I ’t a , ’ u ’ h t g t i I ’ t ’ s i l s h sh i t ’ st Ii l e ’ t s ’  s l shs s t’ u s ’ _ s mssl  151 115 1 is ’ t i s ~t u s  u ’s

• itlslut’t’tt ’stl I u ’- ’l i sl i l a—
• l t i l t’ i ’ lm’m ’ u s m t u u ’l r \  . i i s t i l t ~ si ~ ‘s i l  1st -I us ’ l s i ’ l u i gt’ st i s s  is a i t ’  t u ’i ’s ’ mus ’t ’
• l u s t u - m t u - u ’ u ’ m t s s’I i s  l I ’ — i l l u Z  t t i t i l l  5 , - I i ’ s ’ s 1 , 5 1  j u t s —

• l’ i~- l i I , ’ i l i s ’ , l s l i m u ’ i i i u ’ I i t  hs~ ‘— I t  i t s ’— , , ‘ s s l , u s l

S1’lss ’ m i s  i i  l u — I  i i l s u t s ’’_ I I  u ’  .u; sj st’ ssj s m’t . i l u ’  Is i m ’ ~_ I i l s s ’l s, , u i  I I I ’  uss - s t i ’  sl sl ss ’u ’ts ’s t l  l i g t l t ’ m ’s ‘FI sts 151s t lu st! Is 51155115’ , s ’ s

I i , ’ l i l l u  ci , su it ! u ’ u s t i t i ’ t s t i u i t s sI I I I- ’ l i t — u t !  s i l l  I 1st ’ m m i t s ’ t’ t s ’i’ u ’ t ss u ’ at  I , t s ! i , I t  t s i t h l i s t s ts ’m ’ts 5 5I Sh5 t ’I’ t c ’S t l  -s . I t i s I i I s ’  n t i s !
l ilt ’ s~ s ! i t ’ I t I  al  t i - s t  l i h a l u ’ , ss isis - Is Is s t i l t s s s ’ s s i  Is , i s s s u ’ i t s  511 11’s ’ I s ’  lui’ t s t  l i l t ’  t t s t t ’s ’t u ’t ’ u’ is s ’s’ s !t’t ’t u t i t s ~ s !u t t t ’ I ’ s ’ti s ’s’s at

.u I t - st s t sih s lu ’ S s , I \  u-s
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I
I I bm’ IA ’ l~I I , sss s ’r  (‘nt-shoal I5 st t ls I t s tm’ i ’t s ’ i ’ s su i t e ’ t s - i ’ ) ,  I”igs i u’ t ’ I 1, Is si t t t u i d i t i t ’~l ‘F ss’ v uu t s t i s - (  t- i i t ’u i i t u t t - u ’ts ’u ’ icu u i t ’ I t ’ i ’ ,

I t  tass ’s a h u t ’ h u u u u s — t s e s s t s  Iase ’m’ as su h ug h s I  i t tsut ’t ’e’ sus 11u sd it Is sus l i s t ’  t ’ s tp i t l s ih l l’ s s ’ t sl s s u s u ’ k u m s g  sat  si isIs ’l~ l u t i c s l s l s u h
sil l i sa  I pa I u s  its I hu e ’ I s’st 5t u st ! u’s’t m’i ’e’ist ’s’ it i’u u ss. - l’tss- mu s s it! it Is ’st In  i t s It’ s st i  s - Fss’v u su st us — ( t ’s’t ’ti Is a tots ’s s’i’gu u s g Is is it

t us I hut’ Is ’s I sn-us , - Flu is e isa is ge’s u hut- 1~ 1st Isa st- si s- ct i’ms l t I  to  sp iut ’i-ica I , - I ’Is is sp lit-u n ‘sal tt ’ St 5 s’l i’ s s m u t  s t  su m It’it I t s  a l t is ’t is
st t st l  ii iilas’tst ! at t lit ’ t ’e’ms t t ’ I ’  sit ’ s ’us’ s’s t t t u I ’ e’ sst ’ a split-u’ s’. t ii ’ 115 I his- i m u sst gs- p lsc u is ’ sI s ums s sp t i s ’stl its s I t - I l l  s i t  ( I I I  I i i

su t t l i s t ’s s h l i t u s s u t t t s m s ,  I lit ’ ss sisa t ’ru s n t  st -ill go hu rsnc gh Iis’ sy stt ’cn su it ! re’l n t i s  I t s  I lls’ l i e ’ sau i s sphu t  It ’s ! ssI us ’t’ t ’ it is l’s’ ’

t ’ts mu i h s i t t t ’ s l  t s i t i s  t h us ’ m’ e’t e ’m ’s’l us ’e’ st’as’e’l ’t’ s s t s l ,  •‘utsy st i se ’u ’t’ , i t iu s t ss  h s u’sst !ot ’s’s ! sin I Isis 55 s I t  t - t r s ) I I t  I i~ t h u s -  s’s s l s ’ t I l  st - i l l

I slutist 5115 555 t t ’i t sg s s sit ’ e’s ioa l  ti h ih lt ’utl I sstl  is t!it ’tt ’t’ t ’is t ’s’ (U l ~I ) i sun s!  us ss u s i t ’ s u s t l r t ’  c i t  l Is t ’  s p l s s h i t  sit  t h u s ’  ~ s t s ’ m t l ,

lt it erfe ’rm smu setri c sy stem s such as a LUPI can be used with  a nul l  e’ssrre l ssr sir a sytslhetic I su s l s ig r s tu us  (tsr

I tusesisurenseu l sit ’ a spheric surface which departs frons a sphere by an anusiu nt s ignif icant ly  exceedi tug five’
visible st-ayes, In general , sy t slhe t ic hsshssgran u s are nsuch less expem us ive t han  nul l  e’orrectsirs , Htswes’er , l’ssr
at hsirge I)rusd u( ’l issn nut s , nul l  correctesrs nsight be csist ef’t’ect is’e’.

I Fist ’ si’S - s-I ’ s’ su sisi is ’i’us ’ s t t r t s i t ’t-s . s s a s e ’ti ’cs iu l  , ‘ s s r i’ s’, ’ l i s s ms isv S\ u st lis- tis - I s ss l t s g i s au uss  sIr  u u t u h l  s ’ ss l’ u ’ t’s ’ t s s I ’ s u i s s u ~ t u s s l  lit ’
s’tss l s’l t e ’ s ’t i t s ’  I ts  l ists s ’ssss’ , sti t’ lsu-e ’ mist ’asslt ’t ’i uue t s l  t lsi’ s it lg hu thus ’  u se- sit lu sts - t ’t i t i ts t s ’t  I 1u’ t’55~~t’ t ’ i t t \  I t i s  e ’sstu lit ’
mi s 5ts he ’ , Sue-hi sail su 15151’ s isu ’ Is st- s i tu  Is! u t ’  I srs t s -t te st I snud cast lv sedsu ~~ e’e! lo t hue i iu it  in I s s t s . t s i  s us ’ lu t is t ’  I l l s ’  a s s l l ’ s’ l s i t u i t s ,

I ‘I ’I ss- sapp l le st I tots si t  umu t s r l  u-ru iii s t I  n t ’ us ss’t lus slit tus vt sIte ’s t !it ’lcu’ sns t imp Is-m i st-as t s t  t i o u l  s ‘us c ssis It ’ rss t i u s u s s  t s i  r s t i l l  s’t ’X
sum ss ! s - s ’u s , ’sts s’ siit’tsts ’c’s, I ls ss uug lu thus ’  I i t ’ t t us ’I h sh s ’ u’e q uss t suu s t hus ’ sseu sst ’ , I l l  t hus ’ ‘sast ’ c t l  a s ’s u i s u ’ s t  s ’ su t - t i, - s’ , sa s m s s s t h h
I sts s i’ lss ’ sumus stts d st uu u ie ’t’ ssss’u 5

~
)t ’ s sl it s ’s ’ l i s t ’  jst ’s svidt’s st Isis -us t i e- st  t’ t 1st - s’s’ts Is-I ’ sit t o  s-v se t L i l t ’  sit  I hut ’  lst st l i t  

~I 
)lut’i’t’.

F ism ’ sit its p it- so t ’t sts ’e’ t i st’m s m’ s’t ’t ss ’ose’s I ha i t s  h u ge- tue-st u’ I isis s en st s-i’ sit ’ so  u -S- st lO t ’ s’ I s s i ’  stul ss& ’s i t ie-ms I i t s t t ’  i ’tvt ’t ’u ss ’s’
w i t  ii I lit ’ t i - t i - r e - us  u ’e - ss’suv  s-t ’i’ssms I i ts  t 1st ’ its I e’u ’I ’ei’sinse ’ t s-u’ , I ts  I he ’ s ’s sss’ sit a s-s Os S’ e’x so I t  s us ’s’. I t st lass-u’ ( s t -Semis  mus t  mit t

I his ’ ( ‘\I iat s(lt~ l sims! s’auss’ s’i’ge’e! h~ si t u auxihu s si’v Is-mi s ou st  s i t  lit ’ s suus h sht ’ ssut’t ’st s ’s- , ‘I ’ hs& - s - ssuu vs ’ i’ gs ’ i ss ’t ’ t u l t l s t  lie ’ s o i l s
us i s )  I I i s ’l is sit I hut ’ s’e’ii I e’i’ tst ’ I ’ll isa I t  Ii’s’ sit 1 Ise ’ lit ’st f i t  sIiist ’t’ t ’, ‘l’Ise ’ u’s’ ( o t i s ( is-s u m us is t l i t - I l  l ’ s ‘s ’ , s l !  i l l s  SI It’d su l i t !

i’s- I t i r mse-t I I t s  I hue’ lists’ u-h s - lo u is  s’t t i ’  lot’ ssu lsse’q os-Il l t i l t  s’a’t ’s’i’s’u ss ’s’ ts it Is I hue ’ t’s’l u ‘i’ m - m i s ’s’ h i s’st  i i i ,

J ‘l’he’ d i nu e—m u s is ins of ’ I he specific elenseists defined in Append ix A ssre sun snsturize ’d its ‘Fable I - Note’ I bi tt si t ’

list ’ ~e’s-emu aspher ic ehemet sts , twss surfaces are asp heric but snssilh enusugh dif t ’eretsce st_ it li sa best f i t  sp isere

I
I hat , sill h ssugh ident if ’ied ass asp heric . could be tested st-it h a sphericus h test plate.

- h ’is s ’ t e l  i sat tu its g si sphi e ’t’ ut ’ so u -h ace’s ss’snu Is! h i l t - f t ’i ’,t l i l  y Lie Is-st tit! 5511 lu st s’, l i t  his- I  Is ’ hiss  i s sgi ’.t mi s sit a i’s- he ’ l i t  us ’s’ , h s t i I
55151151  a l s ss  u t ’  l u-ste ’s! s t - i l l s  u i t s t l  s ’s st’ m’ e ’s’Iss t’ s usu’ si s ty lus ,

i” i I l l s ’  I - l slit  its s ss suns mu u sit -v u s  sit rux t i e -h i ts tog I he’ It -st lust - I lstid stj sp i i s - s t  IsIs ’ to s’stchi sort as ’s’ l’s’ I 5 1 s t  it’s’s! i ts
- I ’suls h s ’ 1 , - Flit’ hsst sts s i t  sa’lect issus lit I t s  use’ a sphue’i’is’utl t s’s~ pInts’ lot’ sill s ’ss t it s’ ‘-~ sp lu e ’num ’s u I so’ l i e - s i r  5~ slue ’t ’ls ’su I
so rt sli t ’s se tush s u I .( - I~h lu sr s i l l  s ’ss t i s ’as’ s’ sp hue ’i- ie -su I sit’ ms e~u tt ~ spiseu’is ’su I so rIn s e’s , :\ s’ 151 st I h~ - e’j t lien ’ t t ’su us us ’t his it! ts

I ii i s i s l iu ’ah s l t ’  I t s  h sts t  Is I ~~~ 
sit ’ so i-tact ’s , bit I I is is sussigis mu se ’m s t sit  Iuss s’s lii il l s too in ssi m l  st e ’e’ s ’ s ims I ste -I . ss lulls ’ ke’t’pius g

ssl t luims l ist ’  gu id t ’I ims t- s s i t  s ’\ lsI t iug I e’st t ’ s l tu i p t u i t ’us t  - It ’ t ist’ I ,I. TP1 we u ’e’ use’s! t
’
ssr s - sits ’s -ax 55111515 5’s, s l u u  sit ’ t ’ LI t ’ stl 5’

s’ssIi sti ’gi lug It m is ssus sm Id list s- c’ I t s  u s ’  s t  smu st t o t ’ I ac! stlud I he sysl e’t iu ulu t su !  i (it’d I t s  se s ’s ‘ s su s s in s idsi Is ’ I I -

h ms l I st- cast ’ t ’l l ist ’ utsphis’ i’im ’ ~ i i r t s i s ’ s ’s s i t ’ SK-Al ~ It5$ .~ stile! 5K -AR I I , s -  I , u t l l u s r a sv i s t l u s ’t t s ’ I s s ihss gu ’ s s lu i  s i r  .5

itt s Isis s’u s t i h ih  lit - tu st ’s ! sh ut ! san s’ sn m ’Iuis !s ’s ! mi s I lit ’ u t u su l  I ’t \  N u l l  t ’uii ’i’ e’s ’t i s i s , whi le-  ts ’s ’huu si s ’s u l h ~ s suj t s t h i l s ’ , s t s s t t l s! h is -
l i l t  ‘ I t ’  m ostly tot’  I Isis pt- us gi’s i m n.
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Table 2. Cost Analys is for Ge Lens

( ost in Dol lar s/ 1-ach’

(‘urrent  M M &  1’
Process Approach Approach

Raw Material:
(;ermanium Blank ($151) less
Salvage 82
Germanium Po~~ er($69) 32

Rough Forming:
Grinding and Lapping 83
Hot Forming 4 1

Finishing:
Conventional Polislsing 248
Auton sat ic  Po 1i~ h/ SPD ’I’

Evaluat ion:  a 4 1 41

rooti ng 4 26

[‘otal $453 $202

Based on Quanti ty of 1000/month
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Program Progress and Status

I
A tle ’ss ’i’b h s t i ts i s  sit t hus’ ss’tst’k tu i  hit ’ m i s u se’ iii s’sus ’ls ;H’t sgt - suus u task atus l  sobtask bait’  l i s t s  Ni NI & ’ l ’  ~sI’ si gn s u t i u  Is i t s ’
s’I u t le ’sl hie ’ls ist - - it it itsg st - il l s I hue ’ p I ’ss gt-t’ss seoul sI sit us sit e- its -l u stihst susk nt is! s it ’en’n II ~su’ t ig  u s a  c ut  its -hit - ala i It - gut  u-li  IIII I ’bgtu t - s’

A. TASK 1.0 PROCESS ANALYSIS

‘l’ask I )b it ’t ’I it e’ - I ’hsb s I susk ss’u II s’SI it lii isis t li t’ n ill I s-l is t Is so is I pu’ s is-s-site-s tie ’s -a- Sit s a r~ lus t ’  a lie’ ;il’ uisi s Is - I lus h  s

I n iss i ’s- s’ssst -e ’l ’ls’s’t is ’s’ I ~e’ Ie ’mu ss ’s ly p is-al sit t hs s iit t ’  i ’a ’t ;t u b ne - u ! h it’ 114 sy s ls ’muus  s s h h e - i ’ S u l  i m u g  ut s I hi ’ S l i t  I 2~a uu t tc su s a’
ls ’u sgl hi ,

I 1.1 Procure Ge/Refine - Subtask Objective

:Xi s t s( stl i l is hi t ’t !  s u n l I t ’s’ [ti m’ I 1st’ ( s’ I muis%sls ’u ’ aii m ! t ’m ’\ s t su l  I i l iu is k s  st - ill hit ’ s - i i c u u ; i a i- t ’ a I  s t i t h  m t u s u t s - u ’ u s t l  t m ’ s im ul  a l i t -s t
55010’ s’ i ts  t h i s  h usk ,  II’ u ue - t ’e’sssui’ y . l Is ts  u ussats - t ’ is s l  st i l l  1se’ I i t u i ’ i t i e ’t I  su m ss l  t’ m ’gl’ u i s % i t  I i i  u il e ’e ’I l I s t -  ~si ’ss gi’ si ls i  i i Is ~u ’s

I t i t u s ,

Progress — I ) eu rim sg th is  pe ’ru ssd ge ’r uu ua uu iuu i s r~tw n iat eriss i was ssrde’rs’d t’rss uu s I wus smsurs’e ’s sitid bus se’s’s’ruul

I s!e I ’t’s’rs’tut t ’usr cu is , Three hilanks I .5-li st -lu diameter  X 0,5-ins’h t lilt-k ust ’ sspt basi l grade ’ ge rma u sleim acid L I N k )
g r su mus s si t ’ 

~~~~~ ps’rs’emsI (~e (first reduction ) , 1(X)-mesh psiss-der sc’e’rs’ u rdert-d s’ssrlie’r t r a ins  Eagle ’ - l5 il s’hier
iuiud t r ai ust ’e’rre d lu m th is  prms gra lsh. A IINX )-gr am Hridg l i iuuiu gr u swus lts gist  sit ’ ( t ’  sisspe’s1 Its 5 2(1 sihmuu s’mss . 12
Iil siusks us t ’ l3 r idgiu sami grtsw l h stuse’k, stnd 12 bl ausk it mit ’ re’p li sats’( ! (s’ltsl I gt ’ru u s l t lui uuns slus c ’k were usrds ’ra ’si l ’rsst u u

I Ex tit  m s ’ M sttt -ria ls.  ‘I’hese’ were’ res’eis-ed its •Jau uei ar v asud will  lit’ used lu s s’s ’ailul sle ’ the ’ s’ssri sos pruss ’m ’ssim sg

li pprussu s-Ihe’s est ’ th is  task ,  Hst l f us i e~ts’h gr miup sit’ 12 blanks we’re ’ grusut id I i i  3,0- its s’Ii cu i tuv ex liv 2 75 imse’h
s’s ‘ui c’sus-e’ raid ii L’s ur the bait de6 lr ,iiat ion psirt ion of’ t h i s  task -

‘l’h uu ’ I tN ) - i s t t ~~hs pusss’ s!s’t’ ss ’ull hit ’ slit s ’s1 l us t ’  m a ui - s’ s ss l iu u g-Iss ’ s hssu l s t -  slos!\ - s t i s si ml II  I s l ’ s it u ’it I t s  lit’ ssIst it ’seIl ~ ss a i i s l s a t
I us i ’~ - st m ’ st- ill s’s ims susle ’u ’ u sbtt g I Isis h ss i u l  t ’t’inl t ’tst’ mil hi si’  pu t t  tuOs s  si t  t hue- l it’ s s gu ’sa tss -

1.2 ShapIng - Subtask Object ive

‘I’i s i’s’s’ bust shss u ~siit g ssppu ’s i sut - hsu ’s st - ill lie’ s - sstss u~s u rash st -il Is I 1st ’ u - sit s t s - mi t  sit  i sti . i_ sill  g ls 515151 sI msg u s t hIss s l t s s - s I - i  1 s t

I PS ~~~~~~~ ~~t’ i’s’s’s’ s’ it’d lie st - i ll lit’ its it liii lv m s s u l t e s l  - t’ u ’t ’i mss ’ul i t  m i t - s  -s-sit s u u - ~ - st tush 1s t- us t iC s l a s  sIn~~s’ - I ts t i~ - ~ -~
tills! appr u mat ch , sI us e’s sit ’ l’e ’t t is e ’sh single’ 5 1 5 5 1  at I ( i t ’  st i l l  lit ’ Isust ul s ’t s 51 015’s I suit s - lu c-s- I s i I I su ’ l i i  s ie l  itI ssu ;is ’ suit I ii
st h sle ’ , ‘l ’hi s ’ I Issi’s! su Plit’ mis tm ’hi st i l l  eisa ’ m ’su sl u sssu l m ’t’ bsu I I hu sut  us his ml t ie - Is  si’u sse ’u I as m I s  sse I t s  s l ssu l ~~~ its lit issihs Is’

I Progress — ‘I’he first h u t  s!et ’ssrn sing lest was Islade situ Essgle-I’ it s ’her I -  i/2~itich dissmeter s-sirs-ed slit s ’ ,
hsmaeled to I 75 psi at a targeted temperature ssf 850°( ’, Sssmus e edge usd 1 ing HI 940°(’ sit’s-tim’s!, h u t  l Ib s u t u l  25
ps’re’emst oh the desired defssrns at isius did take place. A I hernsmus ’tsup ls’ st’as added Its t he’ svsl u ’m u s amid a st’s’uu t sul

I I 1 2 -  u t s s - h slj aus set er s’um r s-ed disc’ was loaded Isi 17() psi at $50°C, The hssl uu ir nsit ig st- I up used is shu t sst’ us i ts
I” igure ’ 16 , Nu ts’ the cisc’ sit ’ fused quartz and vitreous e’ar husn p la t e ms s , \‘er~- l i t t le ’  ds ’6sEtulslhli s ll tVstit ss i i l l t i t i l ’ t !
wills thi s nuts; I here t ’aire . th i s  part was repressed at 305 I s i  and ~50”(’ , After I he first ruts , the  su ppa ur l t l  5i ~

I
I 2-I
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was revised tss add alumina thermal insulating pedestals at either ends tsf the furnace, Ahusut 91) percen t
def ssrniatisin occurred with the third run. Some peripherial edge chipping took place, hut this was related
1 mm the was-s’ surface of the fused quartz pressing plate. The success sif this det~srmat ion ru in verifies earlier
results obtained with  silicon. Nes sticking occurred between the germanium ausd pushished fused quartz  sir
glassy car b smn die faces.

This was also true t i r  eas s’bois st-heuu nicking os’curred. Thus. 1st-u die ussstcr ia ls has-c been ide-utified tha t
will be suitable for bsith the cast b u g  ausd hot deforn sing .tsm-shape pu-sit’s-sites.

1.3 Mater ial Analysis - Subtask Object ive

Material produced b~’ each ssf I Isa shapius g pi’oceMsses st-ill he s’heuuuicssUy. mechanically, elect n t -ally , and
optically atsalvzed to estahslish th st l  sud s processitug (Isis-s u usst  hat e su sk ’ti’ iuuieui t al iui f luen s’e on the pet -t ar-
nuance of the (~e optical s’ouu iponeust -

Progress — Sauusplcs of’ each type sit’ nsatt ’u’ issl u sbts s iuu ed t’rosis Exot it ’ Materials susd Eagle Pitcher are
beiusg prepsei’ed tot’ opt icst l , s’les’t e’is’al suui d uss e ’u,’hs umu ic al s’s ’alui sutiss us. I)iscs st-ill be optically polished isi ob-
Iaiuu IR transussissious ausd opti-al absssu ’pt busts i t s to rnua t t i s) u s , th eu i (-cit i i sto uuiechanic ’al test bai’s t lsat still
first he electrically te-s t e(I by su ts uu ’-prohe approach . the uu usscrhsutsit’stlly te sted its I Ise bending uusode .

1.4 FInishIng - Subtask Object ive

(‘siuiveisl issui ni ~ashisl sitig , siusg le p subu l l  di atuu itsu id t u u r ts iu i g ~Sl’l )I ’ ) 5115(1 a -ou shi iuu s st iou of Sl~l YE ss’it ls as h iu sal
polish st i l l  be es-atuated to deteu’nuine st-hat degree- ot’ t iu ial t ini sluing is u-s’qtuit’e’d tot’ s-such shap ing method
used .

Progress — ~ ‘ sir k tics t ’tnsveu it issu sal ti u si shiui g approaches s tat  iui it  isels’d . ()us a of th u s ’ Eagle Pit s’Iss’u’ I s l seui k s
-~s sss sa l  its half to yield t st’u (!iscs abssut 0.23—inch t h i sk ,  (‘ut -s-c geu set -at ius us  gt -it a! iuug e-qui~)t u 1( -ush 55 555 sise-(l t a
prepsere the m i t  b i u l t ss’ss I Isi t s auss l tst’ ss at Ise’s’ thick I /2— m ats blanks ss’it h a s-ouit-Stv t ’ i-adius ssf 5 ,6 just-he’s, i’hs-
s&-(’s) ui( ! sbt!s’ st-as then grs iuuisl Its a sj uusj lau’ s’ouuvs’x radii. These state cuss-si iii st ibt ask 1,2 Ia  hui l  de- I s i rns  I sm se
h at (list’ shape, A s’ous veuut bou sal j a slishb isg al)pi ’t is sch sv sss LiSe(! I ts  gemieratc ’ a ( - situ Ve’X 5I)ht ’i’it ’it I su it - tau t ’ st’it Is ss
u ’adj us sit ’ 3,22 iusclse’s, l4appius g compounds , oils, laps. aitsd u sso u ui t  iiig st 1)l)i’s)s~ ’Iset set’s- h it ’iuug est alilisiss- el I I is s t
still ns aiui t ain thc ’it ’ shaiw duritu g Icing du ir set issus cute . Suit-Is couus !it iots s still  lie s’uss’ouuilct’es! st ills uust i i’ t’ nu-
toniated polishing s’qui pn ieu st . A six—sp iui dle poh islsbu ig isuass ’h itss’ Isas lie-en sit’t!eu’s-d s u ui d re’t ’eivesl t ’u-ouis li nis_
nsm iid Opt icsul I hsst will he ju st sslhe’d attsd used f~si’ the u’ousy -tu l issn a t I . tu lsa ’s- suit ouus at ee! p ohi shbui g aPI )u ’t ss u dhi on
this  pr smgu ’ ssuuu -

‘I’he work ous simsgk- psiiust disuuuiusuid t cuu - s siuug sit ’ t his ’ firs t set sit h a t  sstussp ls’s still  be’ ps’i’toi’tssed st-it Ii t Isa
c-qssipnsent shu ts -us in F’igure Ii -

1.5 Evaluation - Subtask Object ive

Amu sipt bas il ussus uu ilti rbu ig approach su it stble’ for itu—prs scess u u s -sescurs ’tsse ’uul sit ’ this -  opt is~stl h ig iti’ s’ ust ’ ss lens st- ill lit ’
e’stah hishe-d, Stssndsu’! I !ususs’~’ st’s’Il lens—test iu sg procedures still be s ’vsshsuss l  ad I t s  s-st sehlisls I lie-is ’ suil ss l s ih i l y
f or low.t ’susl prs sdus’t ious -

Progress — Wssrk sin a pt’sis’e’ss h~si’ opticaul tsuousil oritig lssss us ust ~-s-l be’s’ts its il i su l s-si; Isuss t ’ t-vs ’t ’ . l ’btsse l  Is- st au g  us l
lens shape-s u- suus 1w dosse- ss-ith I 1st’ ‘l ruspe’i I usteth ’runsue’I s t ’ , A u u i t st  ei’tei’ogt’ssuu ssf I he 1,22- in s ’ls s’u stus ’ s’x i’ats ! j u s

polished sttr t ’su s’s’ t’rss ius suihl ask 1, - I )  w i th  I lie’ Trope’l s’s1ui pus s s’usl is shssss’ts i ts  I ’i gctu - s ’ 17 , Sus’Ii iuu l  s - t h I S  I -

gnanss 5 5t h be’ s ’uflu up sil s’r ssu sasly ie ’d I ss pu’s’s!ucs’ s!at a sums I 1st’ ds’psert cut’ s’ t ’t ’si u ss t his- slt’sit’s’s I 5I) 15e ’t’b s ’it \ iii ’ 555 I 5I55 ’l ’i
s ’bl 5’ .
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1.6 Cost Analysis - Subtask Obj ective

A us ial e’rial su uus l prt ss’s’ss s’sssl seusselysis sit ’ sell sit ’ the techuubqut’s e’xsuuuu icss ’d st -ill hu e- pt ’t ijes ’ts ’si I s i  s- m sl uu ss s ’  l it _ us ’
slucl bun 1, 12(M) nu m i u s t h)  bin e’auch Icuis type . Itsa -t is’s’,

1.7 Process SelectIon - Subt ask Obj ectIve

Hated sits t he’ pc’rtsstu ussutss ’s’ aussi e ’mis t auua elvsis d& ’te’i ’ts siuus’sI , a hirs t chtsice prtse-s’ss I ’ssr s’~us ’Ii It- mis s ’ssts f ’tgt ut’ :us u s s u s
still lie’ ss’ls’s’I s’si ansi re’s’suu sst ui s’ussied les t he’ s’ssusl rats - I tus suls it sir t’ssr Isis apprsss’stl - I t es t t ’l i ts ’ .

1.8 DelIver Samples (4) - Subtask ObjectIve

.‘\ uss bssb t ssu u ss s d t oc mu ssu tui l ilm ’s u sf ’ I l~e pr os’t’ssm-s t ’xstussi t ss ’sl st- ill (is ’ s cuh iu ss i t  t e l  isis’ t u t u - I  h at’ s ’t Is t  m st sss ’t ’  s - s i t  lmi ~cI u u us.
I t usss ,’I bvt ’ ,

B. 2.0 LENS FABRICATION

i’suit k Ohijs ’s,’I ive: This Isesk st-ill insp lemeusl stuid s’e’u’it~ all sit ’ this ’ pruits itypt ’ s ’ s i c ub l s utss ’m sl . t s m s s h i t i g ,  s t u t m i  s t c s ~
tss’ss’ test esltl i h st u u s ’hsI re-s iubre -si I ts  lil’sitluuct ’ auu d evaluse t e ’ this ’ 1 l~ le’usse’s nt-quit’ s-s i tot ’ I Isis ~sl \ I & ‘I ’ ~~~~~~~~

N m s  st s ’I i s’s- e-t ’t’s’mu’ I sits I Isis t ask svses l)ltttiuie’d sir sisads’ during I hubs ps’i’isxl.

2.1 Design/BuIld Initial ToolIng - Subtask ObjectIve

‘I ’h ut ’ s ’s ltu ih stus s ’cs l susd I sieil ims g uss ’t ’t ’sssts’ bst - hsst Is sislit ’ris ’ a suis i  stsphis ’t’ie ’ Is-as t ’su ls t ’ic -st t b ats st - i l l  hue ’ i u u t t  b se l l ~ dc
si guss -d . hinted sits 5K-A 13- 114 .2 seus s l SK—A 13- 115-2 Ie’tiss’s. re’spvt’l is’s’I v ,

2.2 Process Proofing/Interactions - Subtask Objective

I’ t’uslsilvpe’ heists’s st-ill h is’ t’su hinis ’ssles i t’s’sstss lIs s i t u i t i a l  Ism si h i u sg  bu i l t .  :\hi\’ I ss s s ls tsg uise ss i i l ’is - a t ims uts su ts si  h i i’ eis ’s’ss
its I ens ue -I imit i s t’e’sltt bu ’u ’u i Its e’st ahl isIs I lit ’ tIus a I Is —m i s h ’sebr is ’a I isuss lit’ s sm ’s-its st i l l  (is’ Stt ’t’sstus ~ isluc ’ml i t s  I Isi s sal it en- k -

2.3 Lens Monit oring/Evaluation - Subt ask Objective

Ais uus—prmi cc ’ss Is’uss t u ss i m si l ori isg tt ’s’Iit siqus ’ st -ill lie’ s’st stblishss ’d sutus i  st ls’tss t s ’ s ’cl)t  S t i l t ’ s ’ I t s I  ss I  t ip st -ill h is ’ s’s.
I suhhishm’d .

2.4 Process SpecificatIon - Subtask Objective

:~ I e’Is l su l it’ s’ h inlis -m’ss siets -ri h il bms i s st-ill (us ’ st-n t Is-us I ssi ’  m ’ :u s ’ li Is ’uss I Yp”

2.5 Build Final Tooling - Subtask Objective

All ee i uu ipn su ’fl I an u l Is is ii i tug Is u sl si’ s t  isi s sIt lii t i l t  still be’ u ’m u t li 151m’l ad sut ssi sle’litiggs-si l’s st I lu m I t -us s l’stl ut ’ us ’su I b usts
t -s ’r it ’im - sul busts Isur l ssf Ibi s t su sk -
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I
I
1 2.6 Fabricate Lenses - Subtask ObjectIve

A n s i ts bu usuu s s mif .16 uts s’sssett- sl Is’uuss’s st-ill be’ t’abri -suts’sl tus t’ultill the’ SIAN (hOt) I AB u’c ’qcuu u e u sn ’u st

I 2.1 Product Acceptance - Subtask Objective

Eats-h esf I 1st- lc’ts ses ~sr uusicut -s’d st-ill Lw s’s’ssluus ut titl Its dc-Is -m im e’ i t s  t msu ufusru ssssi scs,’ I ts  t his’ u iiats ’iuig a tsu l la tE st-

I grssphs 3.2-3, -I spe’s’bti s’sut be sts t’c’sl uire ’nse’tst s, ‘[‘he dal at sihi t a im s-si st-ill be’ dm ue -unis’tstc’d snud suhsnubl ts’sl tuir sep .
iirsus’ssl,

I 2.8 Deliver Lenses (36) - Subtask Objective

( ‘eust ssunc ’r bus —hsnm sc ’ sus’s’e-pI auscm ’ sit ’ I Ise’ 36 ds’Iis’c’rssble cutss ’sial eel le’tsse’s st - ill bt’ s b t  zsicss’d its ssi’ule’r I Isse t I (sass’
cu tsi ls  s’sul s be’ euse ’si bus ‘l’assk 4 . Asse’usslsl y i’s-sI iu sg .

C. TASK 3.0 MIRROR FABRICATION

‘I’sesk Ohijes’tive’: Ilusuicywell’s situgle poiuil (lialssouid I tur t l in g s’quipiuis’nt trill be used to t’sshit’js’at e t 1st’ fsiur
SN .AH- 11 6—i tsubrrsirs required bin this ps’sigs’ssni ,

3.1 Material SpecifIcatIon - Subtask Objective

‘I’he’ nuiru -o r drawing SN-AR-I 1$-I trill Lw res-j ewed ss’itli the ’ customs’s- Its deternuisw the most c oSt -cO’s--c’-

I tive nuat erial ausd nusnint ing apprsiach to be’ u sed its the ’ lest asse’nshily for Task 4,

Progress — A ts’u et’tiu ’i g st-as held at Night Visiots l.absur at siry at Fort Helvoir 25 .Iassuairv 1978 ut -itl s •buus

I Kell~’, David Hem s et at, to discuss the nuirror drast ’iuug re’quire ’nieusts on SN-AR -i  16-i, As isusli s ’ated its cmi’
prs i~issaI . ste requested that the honevs’onshs struct ural material he deleted 155 allsist ’ siusgle’ poisit diaussouid
turning to be used for this aspheric nsbrrs r , It st-as agreed that  thsi s could Lw done, and ste still suhnsit a

I 
revised drats-ing for this s’onsponent.

3.2 Process SpecificatIon - Subtask Objective

I All sif the’ tu ssling equipnsent aisd prot’s’ssc’s required Its build the mirrors still be de’ternsiused arid spee’ifie’d ,
Iisa s’tive’ ,

I 3.3 Fabricate Mirrors - Subtask Objective

h”snur nsirrors st-ill 1w fahris ’ssted as’tssrsl bu ig Is the slws’ifis ’aI ious bus 32, 1 uua s’t it’s’.

1 3.4 Product Acceptance - Subtask Objective

Eatm ’ls usf I he’nsirrors will lie’ s’s-sulusuled I t s  ds’ts ’rnuitis ’ s l i t  csiuu h ’omn sastu et ’ to drast-itug S N- A l l - I l  li - i ,  ‘I’his’ slat a
sihl aiuwd will Lw sitsc’uiswn I eel ansi subissit I s-si is-mr apprtivat - I ussst’l is’s’,

I
I 2~7
I
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3.5 DelIver MIrrors (4) - Subta sk Objective

L a s I t S u s a s ’u -  uui .hssst u ss ’ zts ’cc ’h iI.etss ’e- mi t ’ l Is a t ’acuj’ u ss b u ’t’ si u’s h s t u i l t  st - ill  lit- sibI ~t itts-si i i i  smu ’ s i s ’i’ thu ~t t t hscs s t i t t i t i ’ . 5 5 t h  lie-
s’s stlc uat m -s l tsi u - t l sm ’r ums ‘l’ .esk -I , Isussi ’ t b s~s- .

D. 4.0 ASSEMBLY/TEST ING

[‘ask (th 1s’s - t s s  m ’ :  ‘l ’Is s ’ e-x t s l i s sg  I-’I~I 13 Is -s l bts g t sut ’ ih b l  u s’s st i l l  Lit - tus -d t o  t’s s t l c u s t t s ’  s-set -lu Is ’m s s a le- i s i s - u t i u s d t s  bs i —
c u s t l l v  s t u i t i  s ’s sIl& ’s ’I is s-I~’ i t s its u’s-spat -I it s’ wide’ lbs-Id st u usi  u ust ru ’ mstt ’ ti s-’ki sshij e ’u , ’t i s’s’ sessss~uusb h ~~,

4.1 OptIcal Lens Analysis - Subtask Objective 
5

:\ sit I stilt ’s! s ’s suss t u n Is - u -  si h u l It ’st I st u se I vsis s it  ( ‘sit -li c lu ’u i se ’uiI leuss cuss-ti iii t’~ec’hi u ml sjs- s ’ I i t s ’  sesss’u i t  IiI ~ s t i l l  t ie’ h i s s e s  is ’
s s u  ic- I s-h _ his  u use ’ I lie ’ Iu u’ ms it ’t ’ ted ( )‘l’i” pe’ u’t ’usu ’tu s se lit -c SF1 s ’ses ’ Is ‘i’v l~~’ :~ sit ss i ‘I’v ps’ 13 ssssc u sib lv ,

l’rogr ess — St’s -1 .2 lie-lusts ,

4.2 Lens Specification Review - Subtask Objective

-
~~ ~Pc’t ’~fis ’set b a il I’ s’s st - sc (s.est’si sits I (se’ (shut bs ’atl 5tussely sis t ’s uus e icus ’I s-ti iii -l - I s t i l l  1st’ t ii stt le ’ st -i l Ii I hut-  t ’clsI t i t l i s t’ I Si

um lil suits su t i h i t ’ t s t . t I  t sit’  stus v slss’e ’iIIs ’,sI lus ts  u ssussi i hls ’st l bsm u’ us I listI uussu lie’ Isu-t-e’sssu i v ,

I’rogress — Iii I 1st- 2.~ .I. u ncu,u t - v I ~sT s hi ss ’s-I ut s g disc-usse’si ~tbust’ s’. scm ’ ss lsis u ’cvucst e ’m I I lit’ k-uss eis’ssstbu i g u’e’ sitib u ’s’-
hi s s - mi t t  se-u - su it  t his ’ ssp tbs ’ sul stss s ’t siIiI ~ h i a u’ tm snh s is t u ss -a sIst’s ’b l ’is- sc t i s i uss  bus  \I1~I&’I’ ~‘7~ S-I. s sit ’ :\ i i l is ’t s t ib x 13 ,

:\ -t iui hl b c t ( it-I ss’c’s’us t his ’ I t - i t t  5i u- su st - i u sg i’s’elti i t’cuuueu s Is a us ei thus -  sspl is -al susse-iss hI V Is-SI 
~I is’s ’bti s ’se t is su is . m iu ’b g b u s s t l l  y

isle- u t ifie-d bu s sian pr sit iosatl , st- suit t ’ssc u ts s i  (in ,’ I ) , El s’ I ts s I a lusts’ s’ Is( ’s’t i s ’ssstse ’eI liv s et u au’u ’ sui’ i ts  t he- s l r s t tv b us gs  st -ills
I 1st’ s -xpsuu us ’u ut s t’m sr list’ asphc’t-it - suit-lat e’ sic ’ss-u-i pt is su s. ‘l’his-st ’ ahuausg e s st- s-i’s’ tui see is ’ st ui d I lit’ ls tsse’s s e g s t iu s  - sst n-
pcule ’r t ’va slci aste’sl Isi s’ csn s fs su ’u sis sms s -e- I s i  I lie O’I’l” sspl b c scl st sss ’n sh ilv sps’t ’it ’is ’st l  b ss i i , ‘I’lw uss ’ st () ‘I ’l ’ an u’s- s’s s u i t ’
gi vesi bu s Figisu ’e-s I s t us u l  ‘.~ t ’ssr e ’s t s’hs stss e’ usu lil Al l  at’ I lit ’ e ’xps uts e ’uil s’hi su us gs’s sts ’t’ s’ uii st dc ’ I i i I hut ’ k-u s s tiu’ sts s iu sgs ,
the ’ spes’it ie ’st t  b e i mi bu t ’ the- sc’usie ’ susug k’ s i l t s - st I sus ss-mhsl v st ats ts iui i d to lit’ sat jsbus ’t siu~v: hiiss’e’t’e’u’, I he’ sps’t ’itiea -

I t ots for t lie’ tsi th ’i ’ sstt ’ suu i g ls’ ss ts it -~tl asits-nibly still use’s-ti a ns in t i h ’  s ’u ss’u ’e’cI i t ius  bus I ha h is ’ t ’ to u ’us us ih u t ’e’ s’t ur Vc ’ I t s  s i l l t i w
t’ssr usssuuufas -t un itsg I tsles’a t u u -es asuis i physk’aI Isss ’sst te stis sit ’ ss’s-s’ral sip l bs s sh st~5(’i’I l u t e ’ s, I isu tse y st’ c’ll st ats u ’s’-
slcie ’ste’s i to sulinuit ss mc-s t iuu uuu u ets t i e ’d spt’m.-itis’a I bu sts s- Iiseu u gt - ,

4.3 AR Coating of Lenses - Subtask Objective

Ati ant ir e’fls’m ’t bye’ ami sut b u g  risc-el b u g  this ’ rs ’spmire -tu ss ’tsts hut ’ t’a t (ii st l isits au ssi MI A 13 .106 itps’s’itis’sul busts ~I )ss’g, S~\l -

‘-77:U-i9 I ulssts ’ti ~~~ Mssrs’h 197(i) still lit’ sthih)Iis’sI l us  e ’at cl i I s-u s scui’t ’su s ’s’ sit t h is ’  I6 Ic’uiss’s sss sc si s ’ iuu ‘[‘ask ~~~~~ I i i -
F s a t  i t s ’

4.4 Assembly Test Proced u re - Subtask Objective

:~ test ç mls t i t  t ar t his ’ ,sss -ushslv test cc u l l  lie ’ ( l s m (- I tuu s ’ml led  stu d s t i I s in ~ lesi to I he ’ s ’c u s lsinu ’t’  fs i i ’  .tI m lit’ sss sd. Insue-
I ts - t--
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I
I
I 4,5 Assembly Testing - Subtask Objective

o n e  test ai ssenibi s-elI b r  each at ’ the ‘l’ype A and ‘l’ype H sib it ’e ’I it’ s’s w i l l  h5’ h ie s u l t  ansi t our  I u i ur r s u r  heist F .s’IF.

I st -tl h hi s ’ t ’s’alcialed t’ssr eas’h type t it ’ assets-shIv, Iiuat’t it’s’,

4.6 Product Acceptance/D elivery (8) - Subtas k Objective

I ‘l’he ’ data  msbtasbned t~ir each assembl st-ill lie deie’uuusetuled aunsl t lie’ I tt- si t e’sh cells ansi eight m irror lt’uiit it s -It
wil l  lie slelbs’ s’rt’d,

E. TASK 5.0 PROGRAM MANAGEMENT

‘Fsmtk ~ h s um’ t ’I ISa ‘I’h sm ’ ts ’ h sias ~ , s i s i . u t , s  a t s ’ I F F —  , e u u s h  . t t s ~u I s i i s i  s t i e ’ t i l u m u i s l  i t t  ts ifl pi’smg u ’ s eu i t  l i i  hut ’ ti m -I h i t t u i m -si

I t l s r s i c t g h s e u c u t  this ’ ~et~cl&’l’ l i r t 5~ t~s u11 s t i l l  (5 5 ’  t s s ’ t t m t t t i t m l us l I s t s  I , u — k

5.1 Program Evaluation and Review Technique (PERT) - Subtask Objective

Fl it ’  ts ssnk (i t’ s’~tksI t is t  ii ~t i ’ t t u I l uI’ m ’ iis~l t i i m i it s I I s i s sm~ ’ I i t u i i  s c u l l  hi t - ~~~~ it ’tcs i sc u l l s  I l l s ’ s t i s i  anis E S u i t s !  i ts ’s! -~~~

u ’t’s i cui t ’ m’s! hi ~ ~u i i s  s u s h I t a t  i t su ’g s s u  5 5 5  it miss I h i s e t  uii , s~ t t i l lci s ’ui s ’s’ h it s  s i t  l a s t i s i s ’ ,-\ I ’I l1 ’l s’hi ~e i t  s c u l l  t h i s -mi hi t ’ .s s !s
h i i s l l s ’ s i st sl hs , u t  I t - _ i— — I ,‘s m ’ls ’uis s - u i l ’ . t at  I l l s ’ s u i t S  .5 , 5 l i s e s u t i h a t ’ -. ss s t i t  i’e sh  s i t  t l s s ’ - h i r s i~ i s t i I 1  I’ u- t ’ i s u t i t s  i s ’s t s t s ’ils si t
I hi ts  h i s u r t  s t i l l  h u t ’ u s ise u l s ’ ,t s  u’ s ’qcu tu  m ’s!

Progress — ,~\ I ‘E 131 ~ , 1 I , l i i  is, is his ‘s ’ls gu ’ s’~ ma l u -u i ,  I’S ’S lt ’%t s-si s t i lt !  i t ’S tse’si st ’S a s - ci t iuss’s i i i  t a t  It ’s’ I i lii~ s ’~ I s’t isis ’s!

I t utile ’ t’ m- s i m it u ’ s’s i t s i  eh s ’ t i ts t ’  t h i s ’ ~t i , ~ s~ i a i l s  ,Il,tiia Z s ’~-’ t s ’ i . t t t ’s! t o  I lls ’ h a l t s  u s , ! i i i t i ’ t ’ s ih’  si u’~ett iu l i . , -’. Isa t i i i , a l  s’I’stt st i s ’S
i h u t t - bau ’I still (ss~ stt hsusue t  l t d  I t m ’’st s l l a s t l ’ t s ’t ’ .

I 5,2 FInancial Status Report s - Subtask Objective

Sct h t u i i t  t uiuiustIui ~ Ic ius s is  t ’x lu s ’us s !st t l i ’c u’ s- pe sts  it hu se ’h s ’e ’t s t at ’ t i s  I s i  l~ l ,-\ 5t)c~, I l . u i a e t s ~si ~ Os ’ts ilis ’t ’ I~~7- ’

I Prsigrcss — :~ii i i is i t i Ihi l ~ s - s ist sta l l  cit s ’ l s s i i I s  l e s t ’  cas h uss ~s t s i h i  sit t t ie ’ hu s ’i ’i e ss i % t t ’t ’s’ st t l i t us t t t s-s l pr i est’  i s i  Ih i t ~
ml is I t ’ih i cu I lots sit I hut s 5111:5 5 ’I m ’u ’ l~ °‘h 5 ’ i i i

I 5.3 Radiation Test Plan - Subtask Objective

Sti ( sls s sl a u’ s t s l i su lu m s t u  I m ’,-’t p I s t i l  i i i  ssas , t s s’ t i s t t i , s ’ sc - a i l s  t t i t u h i l s ’ u i l s ’ i l i , t i  s t i I t i i ’ h l i s t l i a i t  1) 1 - l’—i ~ s~ ~, d~et~-~i 1” l1 a

I s ’ s- mIse r I ~~~

Progress — A radiatis it s lest approach hsau se hic’t’is s ’sts sh ilushus ’el Ihal  sht i uitl he isi s- mrs 5 sss’s’csra ts’ I hats this’ Alp h iat
probe apprs iae’ls recouusnucisded bus Set - lim its F I t ~ C -~~ ‘‘I h I s s’ pr usp t ss su l , ‘i’isi s aeppr ssate ’h U su~sa  I 2 ’uiuchi  sli ssusiel t ’r

I nsess sciriusg area wi th  an e’vs’tul cesunter i scs r l :uas - hs asrra e r  dt’te ’s’l t it i - i’he t’inasl lest p1ssus ts’ iI I Lit ’ suhi t uu b l  ted
twxI sluarle’r bsr apprsss-al,

I 5.4 Lens Test Plan - Subtask Objective

S e u h i u ss i l  at lens last plsets its sea s ’s st ’ sh.I I F ’ m -  s t u th s  Il l - I’ h9’’, , sI:tIs ’si  i s  I )t’e ’m ’uiih u m ’I l~t( i9 lts :ee ’t i s s’ .

I
‘5  ‘5I -17351’s
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5.5 Assembly Test Plan - Subtask Objective

S l l h i t s i l t  a i t t  a isss ’t t sh iht  l u s h  I ml a l t s  uuu  a t t ’ t ’ m s i s i~itis ’ u ’ s t i l l s  1) 1 ‘F l~Mt4 i , dsil aul I :s I )s’t ’ u ’ l t i l mu ’ t  I ¶ i l i ’i l u au  l i i i ’

5,6 Demonstration Plan - Subtask Objective

Ss i l i i t s t l  su t ju ’ t s t t m lss t  t ’ a i t t s i i s  la st ~u lsu t t  ims  s us s ’ ms t ’ m i s s t l s ’ u ’ tc t i  I s S - s  I~~M , u l a utu ’ul I o s  I s m h m s i h ’ih  -
- h u s u s t i i i ’

5,7 RadIat ion Test Report - Sub lask Objective

Ssm hi m ,tut a t a u s t u s u l u t m i t  ts ’st h u l l  t a u t  t l u i l i s i i ’ t t s m i u  1 u . ’-.l I u ’ , i i s l  I 1 m m  s l t ’ u i t i i t i s i  l a t h ’ I limit s ’s sct ’h l ’ s i 1 i t l s t l ~I 5 t i m  1111 ,1

—‘ a i l s  ia uu l u astusm tt a t t i t i  t ’Isu ’uitis -s i i t  liii as m i m t i i  imsfl s -u l sat sit gist  s 9 t i t f l u i i l  s l s u t u s i s i s  tb— t ’-— s t a h l  a-’ I m u l l  S I t u ’  t h i s  i l s a i l l i :
t’ au sc I l l s u i s ’ t  t a i l s  : uus u l  t a t i s h s m i -  s i m s u t I i t l ~-’. I i m s u s ’t I t s ’

5,8 Monthly Reports - Subtas k Objective

~“-~i i h m i i t t l  t i i . s t i l  l i l t  1 i l s i ~~t i ’ss I . ’p ss l I s  s s i l l s t u i  h u t  u l s i t  ‘. : i l l s l  I li t - an t i  i i i  i ’ au s h i t t i s m u t t  Ii i i i  a m ,  s i ’ H I . l l i ,  a s c u l  hi 151 ~“
.

I MI N )  a t u s u l  a u u i u i a t i s l i t t i s  Nis s ‘,~~, uis u l u u i  I - i  I )s ’ i u ’ I I i l s s ’ l  I~. ui~!l sii u s l I~ - lu t i s ~ m; ~, 
~~~~~~~~~ t s m - I t

I’rt grcss — , \ t l t t i u s t u l l s h s  l i ’ ~si i I  t~-. lsat ~ t - lias ti s t i l s t t t i t l u - u i  i i i  i i i t  I t s  I l i t ’  u I i s t  t th m utt i imit iii ili t s— i I I l a i I  I t - I  I t  s u - t u s i l l

5.9 Quarterly Reports - Subtask Objec t Ive

S u i l s t i i i t  i i t u a t i I s ’ i l t  ~i i s u gt’ s-ss I u ’ ) m i m t I s  s t - ut  i s u u i  .‘~t i s la m s -, u f f u ’ t  f l i t ’  cu t ! si t i s i s  ii i I s i s I ( S ’ I  U t i i  i s s l , I n i  m’ cc If ii j )j  
-‘-‘S

I M I M I . sl at i- u i h i  I )i’s ’u -tssh s’i - I

I5rsmgrs’u~s — l ’ h l l — . s l l u a u l ’ t i ’ I  I s I s ’ l i i i l  I l i i i S I ’ . I ts -  l im i t  t a i l  lii i tu s h s i t  I lit ’ ~m i i s gt s u i t S  I l t l i i t l ~ I i I I s is S l a u t  ‘ 1 ’ s  I l i t  -

I l s u s t a u ’ ’ s i s ’ i tu i a s l  l m s ’ t - t t s s l s ta t s  m s i l I s s ’ i I  l i t  t h e  uls l:u ~ i t t  ‘ m Is t  i I l I I I l ~ l i ’ ’ . u m I l I l  I i m t t  s i t  I l i t ’  Is-is , ’. s u t i s l  1111 1 l i i i  s l t s t I I i i ’ ’ ’

5.10 Final Report - Subtask Objective

Stihui sit a t s i ia i l li ’s -hsi sts ’a u l l ’a h ss mi l s su l  h i t s  l i i  i l sis -, s i t h u ’ i  I l i t ’  s ’ i s l l u l m l t ’ I t i m h )  si t l I s t ’  h ’i h i t i ~ si t  d I s t i l  III Ii - i s l i l s t i ; s
s t i l l s  1) 1  S I M i M ) , sl~ iu ’sl I s  I )t ’u ’ u-i i m h mt - i  l9~ ’, ) I ns t i l I t s ’

5.11 Capability DemonstratIon - Subt ask Objective

~t aik i  a t i - :i~s:i l i u I i I  s s ls ’i tss s is si  I - :iII u i i i  I i i  s i us  t u t t - i l t ’ s i  I lsI  s i t  l i i i  t i t u i l u -  I l a in  il l i s - l i i i ’ - . u ’ i u l : uI  i ts ’- ’ s i t  i i i s l e t - ’I u ’ s :u u i s l
g s u s a t ’ I i u t s u - t u i  ct -ti l i t t i  II I ul at s~-. su i t s - i ’  s ’sm t i l ~m l u ’ I  l i s t s  s i t  hi s ’  t t u i s i l  I s ’ 1 s i m t t a u t i s i  15)5 15 1 s it i i  s i t  t h i s ’  s i s ’ i l l s s l l - ’.I I a l l  ti l l ~5 tstt 1

I 1 1 : 1 s t I t s ’

‘.~ Ii )
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I Section III

Conclusions

I
l’Iss’ tt ii t i l l  I u i u , t l s ’ m I s t  Is rt ’s~ et it’s-s i lou I lilt u t ’ s m gi- sells lists ’s’ tse’s’u i us’s’e’bt’e’si auust  cuss-ti I su  miss ssusussl i’stls I lie i s ‘~tst  I ut h

I it ‘, u t  his it sie ’t u s m - uuu t u g  gs-u ’u u i5t l imi t  li t  I t s  I his ’ s ie’si i’s’s! sha~is’. Iii it ia ul ly - I he siasi i’m’s! t hsu l us’s a i m ’  tis i l it . liii t ls ’ms s
sh a m  m’s’s su ul I . a st m ’ms ui its ’ - lie ’ e s m i  t s iu is i’ s’s I t u m’ ’ s I - Split-rit a I sit i t s u t ’s’ I s tul ishs i i ug at m se i s-s-as h u n t  IC i t t  lu’s hsis bt 1c ms _ s louts ’
stl’ -s s l’s’i’ti tm u II tail I~ u~ t ieh il tith ss ’u i tum i ’ I Isis hit’ s ig t a i n t .  Se’s-s-u- it I si nuts’ i uig m i s mu t i it ’is su I test ss hia tt ’s’ I se’s’t i ii ea eu Ia t ssu ss ’s i m iii

I au m ’sst st p m lls ’t  s uts a ul s  st it I u ’ s’ h siu im l u e ’ I t s  vue ’l mi bs’ll vt nsphiss’bs’sul stunt ’sus-s’s , ‘l’hse’se’ mssm st st~ups’sur h e m  Iii’ still aelula tus
ii usel t hm ru ’sje ui ‘u ’sI sm u t um al l  su ss t -uiihslv ps ’r t smi’ tu ss ut ia e ’ .

I

I
I
I
I
I
I
I
I
I
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I Section IV

Program for Next Interval

I
During them usexl quarter, une~ l tuf the wsurk sail the üsit itu l 1’ask I effsirt sits l’~ us’e’ss Aisnlvsis will hiss s’eum -I plCle’d, At least t’su c ur eipti s’u~l tint satsuples (‘tsr e.whs of the t’sscur processes heitug ausalyzest its t l sb us task will he
prepieresi, mupt is ’aiIt~’ peillshe’si, nuts ! optically es-alcuated .

I ‘l ’h st ’ l’uual spes’it’ica tim sts uu I’m ur essuchs hems ansi sss ir rss r ts s be t’nhiris ’sulesl its ‘l’atuks ~ ntis! 3 will he’ re’ssslvu’d, ali siug
st-b Ib  i lie’ espl is’nl pcrt’mirnstuuee spesst’icnt imiuss fssr the i’ask 4 effort situ assenubled supt is’al s’uituu lislflets t ’s,

I
I

I
I i

I
I
I
I
I
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I 4 - I
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I I Section V

Publications and Reports

Nmi u’s’Iiui rl s, talks , t sr pu RR s -se t isiuss st- s-us ’ uus aeis ’ sin this- w smrk stss sut’i suts ’ui w b l lit Isis prum gr a e i ss e it t i - iusg I Ise- suE t’ s-illI
I

‘ I
I
I

. 1
- I I

I
1
I

-

~~~~~~ 

I
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I
I Section VI

Personnel

I
l)urbn g the t’irs l quarter sif this program the following personnel worked the indicated hsiurs in their areas
sit’ 

r e spons ib i l i ty  - Mssre detailed background on each professieinal perssun follsiws :

lusdi s-idu al Responsibilit y Heiurs

~V ,H , Harrison Program Manager , 115
J Cei-Principal Invest igatsir ,

Lens Fabrication and Evaluat jests

F,E . Jtihuus sin (“si-Principal Investigator , 56
-‘ Diamond Turned Optical Fabricat is -mi s

Assenubly Evaluation

I.R . Ah iel Optical Desigts Verifi cseti sstu 20)

W.’l’ , Bssord AR (‘eiatitsg l)esign aisd Fabricatissn 1)

M E .  (‘curc io Opt ical Programnsing (“ miu stro l 10
- (~ , O. Hendris ’ksssuu Gerni au siuts i Fabri c— at issis 91)

I 
I.. )” . Hil tuser  Qual i ty  Assurausce 1’,!

I , Vi~~~ Lcuh auu Optical (‘simponent mu d Assetssh lv 0
Eva lunt isin

- N-Ic( rats Single Ptii nl t ) iaui sssnd Tu rni uug 6

- 
.1. K, Star lil s g I eius Firsi shimig and Ev al u a tisu n 119

- 
1) 1” . Marotte Technician , l. euu s F ’itu ishitsg 50

NI , I ~.’l’. Murphy Techniciaus , Gernianiut us F’abricat is-mn 0

M, Sandberg Technician , (‘sei ’tusatsium Machining 160

W.B. HARRISON , Senior PrIncipal CeramIc Engineer

Educat ion: 135, (‘eratu sic Et sgiuseer iusg, Virgin ia Peslytechiu is- I n s t i t u t e . i95t) ,
• NI S , (‘eramic Kmsg it seeri lsg, Virginia Puslytechisi c I n s t i t u t e , 195i -

Prog ram ResponsIbility: l5 rsigr auui Manager aus d (‘t i- I5rins’ipal Invest igaleir sin teu ss fahir is ’al im i t u nt is! es-al-
cu at i ein.

Experience: As as Seniuir Principal (‘eranuic Etug ineer , Mi , Harristsuu is prcse’t stlv prt sgrans tuuuu uags ’r sit ’ au
AFMI , cssntra ct tin halide materials processing ft-mr high power, infrared laser witudsiws In this prngrts tls ,
hsrge’, high itt rengt h alkali halide wiusdowis t’uir high psswer (‘0~ lasers has’s’ been des-elmiped liv cisc sit ’ I hires’

‘ 
li- I
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hiasic streuugthening approaches recrystallization. solid-solutimin all msy ing atud the dual prmseess ssf atl l mi v -
itsg and recrvstallj zatitsn, Using this apprssach , KC 1’KBr , KCI-RbCI and K(’l-Eu( ’l~ u sIl uu ~’s wi th  vieW
streusgt hs greater than ti(KN) psi have been produced , Mr. Harrison has organized the (‘eratuiie (‘ente’r’s
optical measu rement capabilities feur ceuntru s lh ing the su pt i cal quality mif halide witidu uws ,

Its his 18 years at Hssuueywell , Mr , Harrison has also beets s’ugaged in deve’huipnient wssrk sits the eheussistrv
and pros’esses involved iii eubtaining submicron particles sif suc’h materials as MgO , N b , Ti(’ ats d t ’ar iu iuu s
s’ompsiunds it s the itsilid-so lution series of hea d zirconate.lead ti t anate ,  (“ t upr ecipation pro s’esses based su m s
euxalate technique s , as well as alku ixide techni ques , were studied ,

(‘mu usi p lete t’abrical itiu i techtsique s t’si r all types of magnesium sux ide pru iducts have beets sieve’Itsped tst sd
p las ’ed intss cmunuuss ers ’ia l prssducti ssn at the Ceramics (‘euuter , Amotug Mr . Harri sm sui ’s accssm sip lishsus it ’ts ts st-as
I he successt’ul develsipmets t tiE transparent MgO material , as well as couut rm sllt ’d high pssrmssity fssrn iula-
l isiuss. Extensive product devt’kspment act is-ities were carried uiut its the use sit ’ high pu rity Mg() mis ateria ls ,
Anstuts g these were property studies nsade on corrosion resistance aus d strength at t eus sper atuur cs lus 454K )°I”
mud int ’ra red tra ui snsis siuuu s characteristics as a t’uisctiots of micreist rus ’tuu ra l s-ssriat issuss such ass graits slit’,
psurmu s ity. ausd purity.

Publications: Ni r ,  Usurrisus is ’s pubh icat i siuss include the fsi lt eiwit sg :

• ‘‘Iustltu ent ’e sit’ Surt ’ace (‘tiu sdit issuss sin t he Stre uugth sit ’ I5 eil vt -rvstss llii sg NI gO , ’’ .1 - Ats i , (‘t’r ats sis ’ Ssss ’iel v .
\‘u slu u sue 47 , Number I i . page 573 (1964),

• “Mes’hatsk’al Hehas’issr of ’ Puulv cry staul ii ie (“erainltc ’s- , Final Report . AR OI) I ‘out flus h I )A - I I  t )2~
ORI)- :144 i , April 1965,

• ‘‘t us cssusve ui t bestial Pros,esses t ’t ir Fabricating Ceramic’s,” Final Repusr l , Sauuei iis (‘tsu s t r ascl ~
‘ iM - -l-I ~st), Xi i

t’euishier 1969,

• “Halide Materials li rsseessing t’tsr High-Power Irsfrared Laser Wiui dmiw’s , ” AIs’(’RL- ’I ’R- 7 : l - t Et 7 2 o 11 )
Spes’i asl Repssrts . N us , 162 . 19 •June 1973 , Cousference on High Peiwer luifrared I,aser \~ iusds sw M ats -rb-
ai ls . p. :19 1 , Octusber 1972.

• ‘‘Nlm ’s ’h iun is ’ ai l suusd Optical Properties of Recrystallized Alkali Halide Alloys .’’ Al”(’13I - ’I’ 13-7-I -

(
~ 8~t I i )  Special Reports , Nsi , 174, 14 February 1974 i’hird (‘us uu t’eretst- e mut s High Psswer Infrared Laser
Wintl usw Materials , u -  615, November 1973,

• “I’he ( rs iwth , ( ‘haracterization and Recrystal li-zat isin sit ’ Alkali Halide ’ Allsived and l)uipesl K( ’I .”
I5 rtss’e’d, 4t h (‘minference sun Infrared Laser Wiu sduiw Materials , p. 599, ~Iat suu ar v 1975,

FLOYD E, JOHNSON , Senior Prin cipal Engineer

Education: I3SMK , Purdue Universit y . 1952.
( r a dua t e studies, Hrooklyn Polytechnic Ins t i tu t e  and Northeaste rus I nivers i t v ,

Program Respons iblity: (‘ti-Principal Investigate -mr sits diamssnd tur tsing Ietsses and uuir r s irs au sd usssensblv
evaluatimin ,

6-2
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I 
-I Experience. Mr. ,Imih issei t s us currently Preigrans Manager tin the Manufactur ing Methods and Technolssgv

csiustrscet t ’tir I”LIR (‘sist Reduction spuinss-mred bs- the Air Force Materials Lab sircutu sry, WPAF’H , OH, ‘Ihe

I 
prtsgram s mibjes -ti s- e is tt i prove acquisition and life cycle cssst savitsg feasibility of advanced nsateri als and
techniques aipphied pritsiaril y tes the Air Force (‘simmon Modular FI~IR AN/AAQ-9 (XA -2 ) -  Prmigraui i it’-

suIts will also apply to tither F ’IARs, as well as to other thermal imagitsg systensus , One example s-mi eval-
suatisins being cuinducted is the feasibility of using hot-ftirged salt letuses lu s rep lace expeus sive int ’rared

I t rat u suuu it t iu sg materials ,

As a staff engineer , Mr. .Johnss ius pru s’ided key techn ical cotitr ihut ions during development resp onsibility

I 
t ’tir cususupou sents critical to therunal imaging systenss : cryo)genic coolers, sac ucu ns dewss rs, uul tra high speed
ball hesuritugs, high resolution unult ibeam (‘RTs, lenses, mirrors , coati ngs , etc , M r. .lohnssius was pr eviuiuslv
I’ruiject Eng itueer sits the AN/AAD .5 Infrared Recousnaissance Set during its highly sus’s’essfuil developnsetst
tar the Air Force, Other project engineering assignments at Honeywell Rad iati sin (‘enter in clu ded: theI- ALERTS project, which buu i l t as sc-an csmverter -drivet s disp lay Ecu as t\irward lmit ikitsg laser line ss’assuser and
sin llVOptics mmid ule for the Redeye Trainser.

I Uris -mr to j si it sius g Heuuse vwell its 1964 , Mr . ,luihn son was employed at two snuall huts iness ceiuscerts s that de-
ve lsiped and marketed pres’isitin phots i/miptical instrumesslatiuin . He was Vi(’e Presidetst u-mi Sale’s fsir \‘erlex
t)eve lsspnseiut (‘surpm ur atiui n asnd Director suf Engineering for I ’hsitomechntsisnus , Inc .

IRVING R. ABEL , Senior Principal Engineer

I Education: 135. Optics , I l usiver sitv of Rouchester . 1944,
MS . Ph’uvsi s,s Syracuse IIniversit~’. 1948,
(radsuate csiuurses in Phsysics (t’uhfilltssen t Phi) s’siurse requireusieiuts), New \‘tirk I, 1 t siv s’rssil\’ ,

I Program Responsibility: Optical design s’erificat is -mi s ’

Experience: As ai Seisisur Priuss-ipas l Engineer, Mr . Abel is Ie adiuu g the u - m p li s’aI design sss ’t is’i tv for 1-’I IR

I
NI r , Al -mel has 27 years sit ’ exper ieiss’e its the field s-mi’ Optica l I)esigts . Optical Kngi iseeritug, aitu d R~db alituii

1 h 5h ysis’s itt Hosuevwell, Bausch & I ,otsub Optical (‘us .. Farr ausd Opt is-al (‘a,, Nsird en I ) iv i simstu usE I, Tnited
Air s-rail and Bu sird-A tusmic,  In s’,, iu ss ’luudi ng telescs-mpis ’, periss’sipic . aisd viewing systenss . uu sin s g mmu der u ste
sind Itirge ’-ss’utl e digit uI cusnupu ut ers, I)esigtus inschuude’ air b ssrne atid spas ’ehs-mrise svsl essis,

I Rs’s’c,nlv, NI r , Abel invented the  optical svsteusu t ’tir the Skvl ah S-192 Mull ispes’trsul Scatsuier n iud has led
l Ist’ opt is’al design as’I iv i t y  fssr F’I AR svstenss,

I Patents: NI r. Abel’s wssrk iu scluusle s t hue fm -m ll siwits g pus t euil 5:

• High Aperture Wish’ I”ield Varifsss’al St’auut u in g Svsts’tiu . l5nteiul Xii 3.s19~1’2rs,

I
. (‘ s s l lj nsalcd Viewiisg System , I5aleist Ns i , 3,446,916,
• Int ’ru s red Inuu sgiusg Appa ru s luis , Patent Nus , :1,728,545,
• Opt us ’uil bust runss s’ist s, h ’ uu t s ’t st Nsi , 1, 782 ,8:15,
• Wide l” b s’Id Reflect is-c’ Opt bt ’usl Apparatus , Pat eat No , 3,811 .7-19,

I
I 47:154;

I
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W. TIMOTHY BOORD , Prin c ipal Research Sc ientist

Education: BS, Physics, Case Institute of Technology, 1966,
MS , Physics, Case Western Reserve University , 1969.
PhD , Physics, Case Western Reserve University , 1973,

Program Responsibility: AR Coatings design and fabrication.

Experience: Dr. Boord joined Honeywell in September 1973. He has been the principal investigat u ir s-mn
three programs dealing with optical coatings on transparencies. One of the programs involved research sin
the application of semiconducting films for eye protection from IR lasers. The other two programs concerts
the development of antistatic coatings and heat- and abrasion-resistant coatings for aircraft transpar -
encies . He has also been involved in programs to develop protective antireflection coatings for high energy
laser windows.

His graduate research was in solid-state physics and modern optics. His thesis concerned the design and
development of an optical isolator for high powered carbon dioxide lasers. The issulator used the free
electron Faraday rotation in the semiconductors . His graduate work also involved studying defects in
semiconductors and alkali halides using the electron nuclear double resonance technique, and the growth
suf lead tin telluride crystals by the vapor transport method.

Publications:

• W.T. Board, \‘.I-{. Pao, F.W. Phelps, Jr., and P.C. Claspy, “Far-Infrared Radiation isolator , ” IEEE
,J. Quantum Electron, Vol. QE-lO, pp. 273-279, February 1974.

• W.T . Board , \‘.H. Pao , F.W. Phel ps, Jr., and P.C. Claspy, “Far-Infrared Radiation Iseul at or ,”

presented at the IEEE/OSA Conference on Laser Engineering and Applications , Washington , D,(’, -
May 1973.

• W.T. Board , A,Y .H. Mar , W. Harrison and J. Sterling, “The Development suf Antiretlective Thin
Films for Polycrystahhine Alka li Halide Laser Window Materials , ” Proceedings of the Fift h Annual
Conference on Infrared Laser Window Materials , 1976.

• Also report AFML-TR-76- 160 by the same title.

G.O. HENDRICKSON , Senio r Materials Engin eer

Education: BS, Metallurgical Engineering, Michigan Technological Uu sivers itv , 1957,

Program Responsibility : Material Purification and Lens Shap ing.

Experience: Mr. Hendrickson joined the development engineering staff of the Ceramics Center its .lune
1972 and is currently investigating machining, hot forging and thermal processiusg of halide crystals t~ur
high power laser windows (AFML Contract No. F33615-72-C-2019).

6-4
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I
I He trauusferr ed t’rm suu s the Huuneywel l Aerospace Division where fsir 12 years in the Materials and I’rsscess

t M&P Emsgits eeriui g Sect is um i he ws-mrked s-mn the applicati sin mu f ceransis--teu -metal , glass-tsi -nset as l ausd at im ud im ’
hmsusd iui g Isi aerospace hardware , During this titne , he was assigned tos a t ’onsulti isg specialty in both nusms-

I destru us ’ti s-e tes tiu sg and experitssenta l stress analysis,

luss ’leude d iii Mr . Hendrickson ’s pu s-mr assigtstnents as a tssaterial s atsd prsk’ess t spplicatiss uus eus gbu seer we’re :
( 1 )  slesigus atus i pr muduc ti ssn eusgineering support tin numeru ius aerospace prs-mgranss; (2) specialist in moduls’

I btut s ’rt ’mutsts e s’t ss’elditsg fahu rica t istn; (3) estab lishmeust m u a t’ai lure amu a lv sb s labesr istusr y ansi dirt -ct b u g  ‘sic
s’h~isica I uusd metallurgical analysis: and (4) specialist in experimental stress analysis and electrtuni-
t iumudu t le weldit ug prsus’ess develsupment -

I Bet~ire jssi uu iu ug Hsst ievwell , N i r ,  Heisdrickssun worked ftur Marquette Muuuiut ’ac l suri t sg (‘a ,, as a lah ssrat tu ry
des’eluiptsuent nsetallurgi st wi th  primary responssihilitv ft-mr developing fisux ( ‘s-matings ft -mr welding electruudes,

I 
He assisted in traitsit u g sales personusel and resolving s-customer technical pruuh lems,

Publications: NI r . Hetidrickson ’s publicat is-miss incluide :

I . “Has lide Materials l5 rticessing for High-Power Itu frared Laser Windsiws .” AFCRL-TR-73-0372 I I )
Spe’s’bal Repu srt s . N su , 162. 19 ,J cut se 1973. (‘onfe reusce i- mi s High Puiwer I uufrssred I aser Win ds -mw NI ii
terials . p. :191 , Oetsiher 1972,

• “Nle s ’h ssnbs ’aI and Opt is’ut l I’rmsperties s-mi Recrystalli zed Alkal i  Halide Alloys .’’ AF ’( ’RI ,- ’I’R- 7 I-
t~ )85~ I I )  Special Report s. Nsu , 174 , 14 February 1974, ‘Fhi rd (‘umt ~ rent ’e sits High Power I i st ’rasrt ’el
Laser Window Materia ls . p. 615, November 1973 ,

LEON F. HILTNER , Seni or Quality Engineer

Education: US. Mes’hats ical Engineering, University of ’ Minness ita . 1960.

Program Responsibility: Quualitv Assuuratsce

q Experience: N h ,  Hilt u ser is curre u stly serving as the Lead Quality Engitseer sit the Honeywell (‘eramis ’
(‘euster , Its his present assigusunent , he directly supervises Qual i ty  Assurance eusgiuseers amid tes ’husicians m iii

bust h des-elsipniens t and pr tu duuctisun pr s-mgranss ,

Mr.  HiIt ,ser ’s prinse specialty is Statistical Quality Assurance. He is certified by the Americat u Society I~sr
Quua l i lv (‘ssn trm - ml (ASQ(’),

N I r , Hi l tuier has wuirked in the Honeywell Quality I)epartment for the past IT -u s-ears , His niu -ms t res’eisl
prs’v iu uums assignnsent involved I s-mt al qusa l i tv prograns resp ssnsibi l it ies for Sausdin/AE( ’ I userl m l  Swit cli
sieveluspns ent stud fahri c ati u -mn s , Amsung u -m ther assignments , Nir ,  Hi ltn er served u -mn the Quali ty I)ire’s’lor ’s

I st at ’t’, I)uuri t sg t h i s time , he devels-mped and taught a 60-he-muir . in-plant  tra iu situ g program in Indu is tria l Sta-
l i s t i s ’s. prepared divisim in al ssperating procedures, atsd was liaise -mis hetweets the Qui a li tv I)eparti ssetst ausd

ht- I )ast a Syst eass I ‘l aiuu siusg grusu ip .
t
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MICHAEL E. CURCIO, Senior Development Engineer

Educati on: BS, Physics, Manhattan College, 1968.
Graduate studies: 34 quarter hours toward MSEE , Northeastern University ,
15 credit hours in Physics , Syracuse University,

Program Responsibility: Control of SPDT lens/mirror fabrication.

Experience: As a Senior Development Engineer , M r. Curcio is the project engineer for the design and
imp lementatisin phases s-sf the N/C diamond turning for the JR Optics Program , and fe-mr the vacuum!
cryogenic Low-Background Calibration Facility for JR radiometers ,

In his four years of experience at Honeywell , Mr. Curcio has designed and implemented the sensor off-axis
rejection and mirror-low-scatter measurement facilities; implemented an JR heterodyne detector test fa-
ci lity; completed calibration , alignment and systems testing of navigational star trackers for the Viking
Orbiter ‘75 and Application Technology Satellite (ATS) programs; and has full technical responsibility
fe-mr the ATS baffle evaluation. Prior to joining Honeywell , Mr. Curcio was a project engineer in elect ro-
optical methods f(ir reconnaissance exploitation with the Department of the Air Force at the Rome Air
Development Center (RADC) .

Publications: Mr, Curcio published the following:

• “Evaluation of Low-Scatter Technology for Aspheric Metal Mirrors ,” SPIE Vol. 65 (1975) Metal
Optics.

VLADIMIR W. LIJBAN , Senior Principal Development Engineer.

Education: MSEE (equivalent) studies in Mathematics and Physics at Wagner College. and Electrical
Engineering at Cooper Union School of Engineering.

Program Responsibility: Lens/mirror evaluation.

Experience: Mr. Luban is a Senior Princi pal Development Engineer who directs an s-mptica l test group uif
10 engineers and five data reduction personnel. He has responsibilities in opto.mechanical design and
s ptical testing. mirrs)r and mount design for a number of high performance systems, including ELS,
ELMS , HEAO-B, AAD-5 and HIRIS; directing team which developed alignment procedures and rats
proving laboratory tests sin the highly advanced Type 18 submarine periscope; releasing “hold” order ous
majtur pruig ram by redesigning flotation support , originally costing $50,000, of 60-inch diameter flat mir-
t’or , which held flatness to 1/8A peak-to-peak, at a fixed cost of $3,000 including materials and labor:
assembling and aligning a 50-inch diameter Cassegrainian collimator; designing and building two types
usf stable frequency helium neon lasers; working with Dr. Roland Shack on developing equipment four
measuring Muidulation Transfer Function of high resolution photographic systems; and Optical Engineer
responsible for performance on four — $1,500,000 ROT! MKII tracking camera s, one of which took the
fi rst American phsutograph of Sputnik I ,
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I
N Ir ,  l.cuhan is a Setsisur Prutsupal I)e~ek-mptnent I’~ngtneer ~ hs-mse 22 sears oil experuetu~e at Htsuue ~~ s II . I t s  L ,

I l5erkin- Elm er and Ausserican Bosh Arms Corp. include directing engineeritug groups, resears’h and its-
strun uetut developnsent , s~-ste ns design atid alignment , an d testing m uf state -s -m i-the-art high r estil utis ius
phs-mts sgraphic systems. ‘I’hese activities were coordinated with s the r  discipliuues , such as electronics , high

I ‘-acuuni , high altitude problems , cryogemuics , etc. Specit’icall~- , the experience includes: desigus suf pr suduuc -

bouts opt ical lest stat bouts lot test oil AAD -5 compoisents; design atsd build cii a LA P1 (Laser I ~uscqual I’sst Is
Iiuerf ero snuet er ) , which is being used as a basic optical aligtsnuetst atud test iuust rutsse ust both at HR( ’ and
at sonic oil s-mur optical vendors ; cssnceiving and insplet sietsti isg a technique based on white  light buster-

I t ’ero-mtuu etry fm-mr uneasu iriuug equality ssf nsu ltip le arm lengths to s as’s’uracies of 6 nsicr o-mituehes.

I THOMA S J . McGRAN , Manager of Manufacturing

Progr am Responsibility: Siusgle p s-mint diani euusd tu rn ing ,

I Experience: As Manager of ’ Matuufa ctur bng. Mu , NlcCr an is pre set stly responsible tiur eles’lr otuis ’ p u s -k-
asg itug etugit ieeriuug . design draft bag, tsuateria l control , un anufac turitsg eisgiuueeri usg, t iusi del shsup amid t’ahri -

cat busts and assenubly operat is iss, Res’ent experience it sclcudes it itegrat is -mn ausd direct is-m is m it ’ t hese as’l ivi l is’s

I sits the l( ’ECAI5 HIRIS prtigratss . as well as AAL) .5 Nlapp iuug atui d 5192 13-Hat sd So-aistie r sy stet sus ,

N Ir.  Ntc ( ran ’s 17 years of ’ previous nuanufa cturit ig experiemuce at Huut seywell includes: lssaisa gs’iuuet it u t

I usiatsuit ’as’tuuri n g su peratiu st us s-mis the AOS() l” INE S I N  SENSOR prsugranu . cu’his’h included musterial  s- ts i slr osl .
iu smsd el shop. product bou ts engiuseerit sg and fabricat bouts groups; produi ctit ius ussatuager outs IRA’l’E . aisd suiper-
visosr us f isiaisuu (acturi i sg, tcssenshl and plauitsitsg sin the Trcuns p Radiometer ,

JOSEPH E. STARLING , Devel opment Engineer ,

I Educati on: US. (‘eranu ic Ku igiu seer itug, Uus iver sitv s-mi N t issmsu iri -Rs ’ull a , 1967.
N I S . (‘eratsuic Ktsgineeriuug , I 1tuiver silv s-ui Missouri, Ru slIa. 197 1,

J 
Program Responsibility: I,ens ib uu i shit ig auud evalui stis uu s,

Experience: Mr. Starling is assigned to the a lka li  hal ide infrared laser window prsigram, He is respu-mus-
silile t’tur the host is-mrgit ig recr~’stall izat is-mn studies on such halides as Nc(’l . KCI , KUr and their allm-mvs , In-

I cluided its his tasks sire microstructural aisalysis , finish ing, s-upti cal p suli shiusg and nsechat sical slr euu gth be-
havi our mu l ’ t hese as well as s-mt her ceraisuic materials ,

I At the Un ive rsi ty  sit ’ N l issssur i-Rolla, he was a PPG l”ellow , His graduate study itus-luded work tin stress-
gradietsl biased dift ’us imm s-ui alkali isuns in glasses. He was previssui sly empl s yed as aus engiuseer in the  R& Ii
depart usuent of ’ (‘hic agmu Vitre suu ss (‘tirp ., where his work incluided thermally insu clati isg enamels stud etuu su us

I 
els with speciti s’ electrical prsiperties.

Pr ofessIonal Affil i ati ons: Mr.  Starl ing is su nseissber u-m f the Anuericat s (‘eransi s- Smseiely. Kt ’ramm s 1(’eraiiuic
Engineeri t sg Prolessisunal Fraternit y) , stud Taut Beta Pb ,

I
I
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Publications: Mr. Star litig ’s pu ib l icatis uns include:

• “Halide Materials Processing four High-Power Infrared Laser \Vindows .” AFC RI. -TR-7: t t) :~72t 11
Special Rep s-mrts, No , 162, 19 ,June 1973, (‘otufe rence outs High Pouwer Infrared Laser W ind t -m w Mat-
te risuls . p. 391, October 1972.

• “Mechanical and Optical Properties of Recrystallized Alkali  Halide Alloy s .” AF ( ’Rt , - ’I’R-7 -t -
00S,’-m I I I )  Special Reports , No , 174 , 14 February 1974 , Th ird (‘e-mn f’ereisce sits High Peswo’r Iust ’rssrs ’sI
I.a ser ~% ‘i ru d mu w N lateria l s ,p, 615. Novensber 1973.

Ref erences

1. F’.l’ . .l su ht u ssu t u 5u sd ‘ l , ’l’ . Sa u t o, ‘‘A~-mplb s ’ust io suss  o ut ’ I )i~m ms i ou ie l  ‘I ’o u u - u i u u i g t o  I u s t u ’ ai’s’oI 01st t m -a l S~ ‘-Ie’ i l ts ,’’

SI ’lI- 9-t ~ 19
76),

._‘. l’ . l~e’t’mtsui ( ., e’t sul . ,  ‘‘:~l k aim Jl ~a IioIe ’ l ’ l . l l ~ l,s ’tts ’’ 1” ii ’~t (~u ia , ’t u ’r Iu I~s’poi’ u , I ) \ , -\I~7t i ‘ I ’ u ’~~J ”-. , 1 I )~ -

s-t’nibs’i’ I 977~

;~ 
j u , Ste ’Ilu i auusl U, t~ t’j s’st , “Opt it -al l5 t’oJsc ’rt us ’s sif t :u sl I’ u s l v m ’rvsl su l l i t i s ’  Silis ’ot i , ’’ I’ it u o ’ . I U IS , I I I 9a9
lOt  -

-I. (‘-I . (all suglio’t- . ‘‘NI o’lliousls sit ’ I’Iastt s ’ ~
\‘sui’ktng of Se’uiius ’uiuimi uu s ’lsu u ’ — I,’ S l’ .ut s ’ ui t  \ o  ~~~~~ t~ . ~~‘ No

vm ’ui s luo ’u’ I 9~”u9.

~, ( ‘ .~l . ;~sl Isug ht ’r . I’li~ s. Us’s’. SS, ~ 1952) , r ’ - 721 ,

6, M.L ~. (‘O ut ’ s ’ioi , ‘‘E v , u l u u s u i u o u s  si t I .suw-So ’ i t l t s ’ u ’ ‘I ’ s’o ’I s ms ssIss g ~ lou ’ :~stu l5s’i’ts ’ \ l s ’Li l N I i i t o t ’s, ’’ sl’ii~: 6:
P 63.

7. I ust ~sr uissut im s ts gc’ns’i’at s’sl liv Um -mt ’it sg :us givs’us its ( s’ Lu t a ~uat -k sigo ’ f ’s- mitts  Escgk I u i1 s’her , I mis ’,

$. ~1 1) . I Im’aps. “ I .args’ - :~rs’su l5 sulvs ’rvsl a llj iss ’ Sblbt ’su s Se Iat ’ (‘s’l ls ,” Pt’si~’. l ’lu su t m i vo ul t  abs Spe’t’ia li st ~ 
( ‘ou st -

( I I  :S.pt’iI 196.1) , I’lt’ -SOl. 3 ~1 , lu i lv  1963),

9. U, Nm ’io lis u ’~ said .1 Pap~sbs , “Fsi bi’bo’ssl bu sti cii F ’ltuoi’j olo ’ I .aso’i’ \\‘iii olsiw s t u ~ Ftt~ b mu t i  ( ‘ast imi g . ’’ l’ i’t io ’, F t t t  Ii
(‘o u s t’, mutt  Ius t ’t’surs ’d I ,ass’i’ Wi t sslm uw Mat s’t ’issls ( I  )o’o ’o’tuihs ’i’ I 9 7 u ) , p IIki6 .

10. -l U. l’at t s ’ I at sol Hi I Ale ’ xa tsm l s ’r . ,-‘~i t  a.  NI s ’ t - 1 1956) , 
~

s .~~~ u ,

11. G. W . Gi’mu ~ s’s ansi :~~. Ks’lI~ . Ph il , Mag. $ 11963) . P ~77.

12. NI I-’. As lsluv , ,‘~m ’t a. N 1.’t - ‘21) t 1972) , p. $$7

l.t ,-~~’, Kvatss suusd ‘l’,( . l~a u t sg m - mu s . l’ u’sug. M sut - Si t .  21 1 l~~:t;~. 
~~~
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I
I Glossary

I Af’ocal — Ats suptical systeuss whose subject atud image p suint are at ini it sitv ,

I Anti-reflective (Aft) (.‘oatings — A single our nsult ilayer coating applied to a surface s-mr suirfaces oil ~
strate lo u decrease the reflectausce of the surt ’ace and increase the tr an sts u i ssbu- un iii the s uu h s t r u t t e  suver a
spes’i fied wavelength rausge ,

I (‘asti ng — A tnet ho-md by which a ni oulte t s nuateria l is fosrnsed , solidified , and then cooled in a s’onfiu sing die
sir unssld .

I)itTusional Flow — ‘l’he speututane osus nssuvets senl of ’ ato ir n s to-u au extent  su ffiebeu st to s’auus e tt i siss flow of ’

I
J 

I)islocation (ilide — ‘rhe slip our ussouvens ent of atonis akung plauu es thr ouugh dislox’atboMss in bulk nsater uu s l .

Dislocations — I)efects its the atounic lattice u-u i a cry stal represented by the presence of ’ excess atoms or
absent-c sit’ a lounss its the no -urn -sal perfect atonsic structure s-ui material,

j I)ispersion — ‘I’he process I-my which ra ys of light ouf differeist wave letsgth are deviated ang uuls srlv by d 1t -
t ’eretul anss uui nts as with  prisms and dit ’tract ion gratings , Also supplied to -u t i ther phensutsiena I hat sauuse (lie

I bu sdm ’ x sit ’ refr ;o - t iou u and m it her oup ti c al pruiperties of a mediu m s to u- str~’ with waveletsgth.

Form—to—Shape — A t’mi rn u ing prot-ess tha t  eminver t s tin irreg uuls s r shape mater ia l  is sto as pr edet o’rt ssutsm’oI foss il

I 
shape ass deiitsesl by as sh e  sir nssul d cavil -

Homologous Temperature — ‘l’he rela ti eun shi p (ratio ’s) between t he uvcs rkit ug teu sspera i t tu r o ’ tuf at tsistto’ri sil

and i t s  melt b u g  p o iuu t . hsut h it s degrees absolust e,

Hot Det’orming — ‘I’he dels-urming u-mi a nsaterial aho-uve its recrysta llizat is-un teus peratture wlsicls is souf t ’icieust

Is ’ cause betiding and di sls irtimun u -m I t hat t iuateri al into -u a pernsat ietst new shape.

I Imager — A siusgle u -mr n u uu lt ip le set oil mupt ical elensents that  fsurni ats insuuge by s’sullect it sg as huitsdle of l ight
rays divcrgbt g Irons an subject Point ausd trans lu -u rn u ing it bu s ts-u a bu ttudle ouf ra ys counver ging t suw ard auiu- u ths ’r

point .

I Infrared — ‘I’he electrmunsagt setic radiatio un beyond the red etsd s’f he visible spect rus t -ui ~0,76$ l o u 40~ tss ) .
IIm’sil i~ radiated its the infrared region. The FI ,IH rususges cii interest are 3 Io u 5~ tsu atud $ tm- u l4~ ts s . —

I Interference — A terns utsed to densute the additive pros’ess. whereby the  asu sup li ludes u- u t’ Iwo sir isis-ire over
lapping waves are svsteniat ically attenu m ated and reinforced .

I Interfrrometer — An instrument  ensp lu iying the interf ereno -e of light waves I’m - u i porpoises m u nseasuir o’menl ,

sus’h as the as’s-umr as -v s-ut ’ suptica l suirfaces by means suf Newto -un ’s rings , the measurement of opt is’Sl paths ,
ansi lint ’usr stud angular disp lacements,

I
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Modulation — A measure of the variation of illuminance across an in-sage usI a sine wave object, I)efitsed
as NI Umax — ‘min )/( ’nsax + I min ) where ‘max and 1min are the maxin uns and m i n i m u m
b lluminan s ’e in the image,

Modulation Transfer Function (MTF) — The function describing the meudulation intensity of the image
of  a sinus cuidal object with increasing frequency , It describes the results sibtained on passing through an
usptica l system, Also called “sine wave response” an d “contrast transfe r functis -un . ”

Optical Transfer Function (OTF) — The function describing modulat ion and spatial  phase shift of the
i mage cii a sinussuidal subject with frequency as the independent variable as a result oil passing through an
suptical t rain ,

Sag — Abbreviation for se-agitta , the height of a curve measured from the chord (as app lied to optics).

Single Point Diamond Turning (SPDT) — A relative new turning technique which uses pr ecisio -uu s
spindles and nsovements (usually air bearing movements) , a hig h speed single psuit st diamond tu rn ing  tool
that  can be moved in microinch stages, This technique has been shown to be especially usefu l for tuarnilsg
metal  mirruur s as well as either optical cosmponents .

Special Phase Shift — The displacement oil the image eu a sine wave object fru uns it s ides il ps u s i t i uuu s.
I’sually measured in degrees, with 364) degrees assigned ts u a ftull  cycle of the image.

Thermal Imaging — A representation s f  an subject ’s thermal prssfile b m eans cii i ts  IR light r a s .
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1 1. TULI OF TESTS -

I
TESTS p*i.~oi*ps so.

I (si t tqt~ip~~st Csrtlfl cstlom 3.1
Afocal/Cov r Ms.~~1y Dr~~1ng Cs~~1Isacs 4.2.1

I Fi sid of Vfiw as.ngs 4.2,2 .2

Focus OperatIon 4.2.2.3

I Noduletlon Transfsr FunctIon 4.3.1

I

I
I
I

1 .1
:~- 

I -

I 
- 

~~~~~~~~~~~~~~ WlIi~~W~~

i 
A $0063 SM.A.774953

I ICA. S I~~ ’ 3

1 A-7
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2. APPLICMLI OOCU~INTS

2.1 The fo llowin g doci ints sri port if Usis test prsos~u, Ii ~~~
speci fied herein. The .sst recent issu e shall be used va lsis ettserwl se
specified. If any document should conflict with this procedu re, t h is

procedure shal l take precedence.

Drawings Description

USAE CON
SN-D-772005-l Afocal/Cover ?mse~~ly

Specificat ions

USALCON
12-2301020102 Development Specification, Afbca1/Cowe~

Assestl y, NI/lAS-I

12-2301020105 Development Speci fication, luiger ,
Optical • Infrared AN/TAS—4

~~~~ _l**_.

A l $0063 SN-A- 774i53 
-

SCAI S I ’ ’  o

A-8
47356
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I
I
I
I ~~SCI1PTI~ I

3.1 The follawing Inst rumeatat ion or equivalent is requi red for the performance

I tests listed herein. Veri fy that test equipment certification is current
(Check).

Equipment Description

I Infrared Source Infrared Industries Model $3
Chopper Infra red Industries Model 527/525,

I u sd1 11
I CollImator 174 inch focal length , off axis, mirror

diame ter 12” , resolution .02 mill irad ion.

I useable in the appli cable spectral range.

$an~ ass Filter 50% transmiss ion points at 7.6 and

I 
11.6 microns

Imaging Lees Per Specification 11-2301020100

Variable Slit Hilge r Model F1497

Detector kBr window , Thermop ile . Charles N. Peeder
and Company Model NSL-65

J Edge Translating Devi ce Trop.l Mode l Min iscan 2100

~~ 1if ier Ithaco Phase Lock Ampl i fier Model 353

J Optical leech lack (aling Mode l 23-0714

I
I
I — NV I.I ~~S

A $0063

I SS’u, S

I A-9
47356
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3.l MS~ VIATIONS
3.1.1 - ~bbrevIstIon Mooning

UUT Unit Under Test
MTF Modulation Transfer Function
AFOCAL Afo ca l /Cover Asseably
I MAGING LENS Imager. Optica l , Infrared,

N4/TAS-4

wrov Wi de Field of VIsw

NFO V Narrow Field of View

Ip/me Line Pai rs per Milli meter

Slit ç~ S5 ~~~NY S~~ ~~ * *

- A $0063 ( SM.’A.774953

es.~ ss Sc*~,S

A -U)
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I
I
I

4. TEST P~~C(OU*tS

I 4.1 aecordlng Data

4.1.1 All data required during perform ance if the Acceptance Test shall be

recorded on the Acceptance Test Data Sheet. Should the (JJT fail anyI test requi rement, the fa i led parameter shall be clearly identified.
Any required data which is produced on a separate chart , graph or

I table , and any info rmational comamnt required for their understanding

shall be attached to and become part of the Acceptance Test Data Sheet.

I Such attachme nts shall clearly indicate the relate d Acceptance Test
Procedu re paragrap h. The mast recent issue of this Acceptance Test

I Procedu re shal l be used.
4,1 Visual Inspection

1 4.1.1 The UUT shal l be exami ned to veri fy that all parts materials , processes,
subasse stli es , and asse~~1y techniques are In accordance with USAICOM

1 drawing SM-D-77200S (Check). Record the UUT NSN (Record).
4.2.5 Functional Test , Field of View Change and Focusing Adjust nt.

I 4.2,2.1 Nest tIle Afoca l on a stead y, level surface . Cush ioning mij be added ~
protect the surface finish.

4.1.2.1 While steadying the unit with one hand, grasp the field of view shangs
I lever with the free hand. Visuall y confirm the NFOV position of the

switch places the NFOV lens 10 the optical axis of the unit. LikewiseI ~ nfirm operation of the WFOV position of the lever positions the
WFOV lens and baffle in the optical axis. (Check).

I
~~~~ — ~~~N? NO OflAU** $50

1 A $0063 SM-A-774153
IN

I 
~~~~~~ I ”,—~ I ”—’ ’

I A-U
47356

I 
-~~ - —~~~~~~~~~ -~~~~~~~~~~~~~~~~ -
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4. 2.2.3 Cont inue wi th the Afocal/Cover Asseutly positioned as in 4.2.1.2. Grasp

the focus control and rotate it fro. one extreme to the other extre me

while visu ally confirming motion of the traveling lens carriage . (C’~.ck)

4.3 Optical Inspecti on

4.3.1 Modul ati on Transfer Function (MTF)

4.3.1.1 Ass ew~1e the apparatus as described ~s Figure 1. Alternatively, soy

layout may be used whi ch places the elements of the required equIpment

at their proper optical locations . The test will be performed at
- infinite conj ugates.

4.3.1.1 Operate the infrared source at approximatel y 1000 degrees centigrade .

Set the chop per In motion to interru pt the source at approximatel y

40 Hertz. Install the var i able slit at the collimating optics focal

point. Obtain a focused image of the slit at the knife edge on the

optical axis of the Imaging lens.

4.3.1.3 Adj ust the imaging lens for best focus . Transla te the knife edge ac~~ s

the slit image. Record th. detector output versus the knife edge

position (Record). Compute the on-axis modulatio n transfer function

(MTF) of the imaging lens between 0 and 15 line pai rs per millimeter .
either in d iscre te steps or continuously ( Record ) .

4.3.1.4 Repeat 4.3. 1.3 , e~cspt that the fo lding mirror and detector mast new be

repositioned to measure and compute thi off-axis modulation t ransfer

function on both side s of center at 1/2 the azimuth field of viiw (Record).

Reposition all components on the optical axis.

Sail COOS OON’ NO C$lilStle NO

A $0063 SM-A-7749S3
SC*LS law -v — 

j m.miv e

A -12
47356
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I
I

I 4.3,1.1 Install the Afocal/Cover Asseably in the optical axis . See Figure 1.
Place the Afocel/Cover Ass.ably In the WFOV pos ition. Attach the

I imagi ng lens to the rear of the asseably . See Figure 1. Focus the
afocal for the best image at the imaging lens focal plane . Do not

I adju st the imaging lens focus .

4.3.1.5 Repeat 4.3. 1.3 through 4.3.1. 4 , except do not adjust the imaging lens

I focus. The co mputed modulatio n transfer function will be the cascaded

MTF of the afoca l and imaging lenses. (Record) . Repeat with the afoca l

I in tIlt NFOV posit ion. (Record).

I
I I

I
I
I
I
I
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S. ACCEPTMCI TEST ~TA

I
I
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I

ACCEPTANCE TEST DATA SHEET

I FOR

AFOCAL /COVER

I 
USAECOM DRAWING SU—94/TAS --4
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1
I
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1. ACC(PTNIC( TEST ~~TA S$((T

5,1 The followin g paragraph s are nuchered to corres pond with their paragropha

In the Acceptance Test Procedure.
4.2.1 Asseably in accordance with 514.0-772001—1. ________ 

(Check)

UUT MSN _________ 
(Record)

4.1.2,1 NFOV lens positioned wi th engagement of POV switching lever at

Wr OY posItion. _________ 
(Check)

4 .2.2.3 Carr iage motion observed when afo cal focus Is varied. _________ 
(Check )

4.3.1.3 NTF between 0 and 15 line pai rs per millimeter. (Record , or attach record)

Line pairs/ me NTF Line pairs /me MTF

0 5 _____

1 _ _ _  
9 _ _ _

2 ______ 
10 _______

3 ______ 
11 

________

4 12 ________

5 ______ 
13 _______

6 _______ 
14 ________

7 _______ 
15 ________

4.3.1.4 Off-axis MI F , (Record , or attach record )
LCYT RI IT

Line pairs /me NTF Lime pairs~~ NTF
O _ _ _  0 _ _ _

1 _ _ _  1 _ _ _

2 _ _  2 _ _

3 _ _ _  3 _ _ _

4 
_ _ _  4 

_ _ _ _

I _ _ _  S 
_ _ _

6 
_ _ _  6 

_ _ _

COOS OSNY OS NO

$0063 SM.A-774fl3

—— 1” 1~’ 1.w i~

A 1~
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I
I
1 4.3.1.4 ContInued:

Un RIONT

I Lime pairsl NYF LIme pairs/me NTF

7 _ _ _ _  

1 _ _ _ _

I $ _ _  

$ 
_ _

I _ _  
_ _

10 ________ 
10 _______

1 11 _ _ _ _  
11 _ _ _ _

12 _________ 
1? ________

OS 
13 ________ 

13 _______

I 14 ________ 
14 

________

15 ________ 
15 ________

I 
4.3.1.1 Afoca l MTF . Record value equal to (MT F Read). Corresponding NTF from

4.3.1.3) (Record). For Test Limits , Sea’ spec ification B2-23Ol(~20lO? .
Figure 1.

I ON AILS LtFT RIQ4T
Lime pairs /me MTF Line pairs/me NTF Lime pairs/me MTF

I 0 
_ _ _  

0 
_ _ _  

0 _ _ _

1 _ _ _  
1 _ _ _ _  

1 _ _ _

7 _ _ _  
2 

_ _ _  
2 _ _ _

I 3 _ _ _  
3 

_ _ _  
3 _ _ _

4 _ _ _  
4 

_ _ _  
4 

-

$ 
_ _ _  

S _ _ _  
S _ _ _

1 6 _ _ _  _ _ _  
6 _ _ _

1 
_ _ _  

1 
_ _ _  

7 _ _ _

— 
$ 

_ _ _  
$ 

_ _ _  
S _ _ _

I S 
_ _ _  

S 
— 

p 
_ _ _

10 
- 

10 
_______ 

10 ______

I ii 
_ _ _  

11 
_ _ _ _  

11 _ _ _

11 
_______ 

12 
________ 

11 _______

13 
______ 

13 
_______ 

13 ______

I 14 
______ 

14 
_______ 

14 ______

15 
_______ 

15 
________ 

1$ _______

I Sail GO1* 4.*’.I ~0) ~~~~~~~~~
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l~~Cl 1 1t . I i t ~~l 1- .~~ I~~~~- - ’ ; ~ii ~ (or o - . -r
si)— qr ~ - ; -

~~_
. 

~~~~~

SK-AJ~ 108-i Intern~~1iatc Lcns 1~spIKr ic ‘FADS

SK—N3 10i3-2 lens No. 3X , in Im~cj ing , Snull

SK -N t 114 IR Iri~tger

SK— NI 114-1 Pri~~tiy Ii~ns , IR Imacjer

SK-N3 114-2 Sc~ x~iary t~?ns , IR Inucjcr

SK-Mi 115 W!-DV Af o c iI

SK—NI 115—1 Prinvn-y 1i~ns , WI~~~ Afocal

SK-AJ 3 115-2 Se~~iiiary lz~ns, t*W Afoca 1

SK-A13 116 N1-W Afoc~ 1

SI<—A1 1 l i t-- i  Priir~ar-y Mirror , NF~~F Mocal

SK—A13 llt,—2 c’orkiary Lens, N1W Afocal

3. IUJ~’U I I~L~~~~ 1’~

3. 1. 1t(~1a t~~~f i ri it i o n~;

‘i1a~’ lens o1enient~; descri1s~ 1 in the folicMir .q drawinjs cxilvrise
t’.~’D (~

) Oh )&’CtiVC lens assenblies .in-.1 t~~ (2)  ir~iividua1 lens elcl3irnts .

3.1.1 Ob~ective itSS~ nb1y A:

~} —Afl 115
SK-AB 114

L 1.2 Objt ’ctive Ass~~~ )ly Ii:

5K-AD 116
SK-A13 114

- 1 - 3 i i  d iv idLl i 1 El clirflt 5:

E1a. i~~-nt C SK.N~ 108—1
Elen ’I at [~ SK.A13 108—2
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3.2  R’sl in  ~~id Uon~ t~~~~tio’i Th~ ()Uj LX’t ~Vt ’ ~1 ; t - ) i  1L-~; .~ ;:I j r~I~ V i n ~,il

I eltim’nt s I i  hU~I in paf 5 kJr1pl.h 3. 1 shall wnfo~~n to t h-~ nLCrlanicul dLI~~R~ ions
and opt i( -.l1 d ata sp.~Cl i  ~~~ on tilu dr~~ w iuys.  l~~ ra~ 1t~i”~nt :; COat I n  n; ~-h~a1 Iconful.n to the a~ ‘p1 ICab ] C dr.iwin~; e~nd to drawl n~ ~-:— c— 77 3 ~ ‘; 1 . ~~~ I I’fl.

I c1citp5-~nt - n v I t c L i a l s  ~;Iia 1 1 (x)r lfox -rn to th -~ •i~ pl i c i L ’I t~ dL. l - ~’~ ~1- .:IJ ki to di.iw
SM— C—/ 734 7 7 , SM- C— 7734713 , and ~iM— C—d0 4 142. (Sc-c 4 .3 . 1)

I -~~• ~~ ~~~~~ chips hlyc cm ~~ and fiactur t ’s  sli:i l 1 lI P.’ in acc’~rd inc~ wi Ui
rL’qulici IicaI L. i-~.1ye ch ips of  F ’IIL— O—13830 us applico to “ Li.-nses” . (Soe . ~. - )

3 .4  SUdace I ~u 5 i 1 i t y  Tht~ scratches and d i .~~~; as ~l t t  i n d  l)y MLL—O— l ~b~~U shallI ~~~~~~~~~~~~~~~ ~~~-° ~~P11~~ - ’°  1r~~~I1i (
~~5ut~

j
~~; scratches ~m 1~u m

in accorduT~r 7.~ with “U at inq scratches” of ~tIL—O—1~ }I30 ar~l “Coatinq prixess ”

I 
and “Suri.ic~ a-~ua1ity” of Mfls—C—67 5. (See 4 .3 . 2)

3.5 t Lind 1ir~-~ 1)~iring Iundlixtq , 511ip1)i 1)1 , aI~~1 st~ 1 ~~ 1 -
, all epiical i 1 t ~ ’a -~~~

shall he px oL t ( -!J I ran phyziical dauu j~’ t o  t he  UUI  et~~5a1 or watij iqs ir. clean,

I I i n t — f r t ’c p~ ckaq iJ I~ nkitOri~l1 s. I)Jrin~I u~-~s~’!nb1y , w h i t - ’, 1 i n t — f r & - ~ olovt - : ;
shJ l I he rV I1 to I~~~’~’t1flt I t~’~tVif l -J  t i I l q t 17)r i l it s  or ~~ c~ - t i  m.~t~ i ial a~5f l  the
e1tir~ r a t t - ~ w hj i ~~i w i l l  oo¼j~ tJ ~ t i to  Oj~tica l p l t -~- . - r t  i.”; o~ ot.~x i c- r i t e  t h .  tY~~a tLny 5 -
( See 4 . 3 .5)

1 3. Pc: ? oi ~; - i n -
~~ The cii, iractcr i~;t l(- t ;  o~ ~u 1 ,i! sX’. 1 ~j ‘t c.I1 sy~~t iii

th.11 aJ 1 i i ~ 5t ~ - U t c ~~fls - flt’.~ - 01 ~~~ 101 ~U1i0O c ;I 1 2  ~ct a z  ,i~~ti c.~ ~ k ~~~~~~ • in ai~~~::.~~:w u Ii a~t 5 i u xi I i ~uy  i~i- .~q ii •’~ 1e~v;.

3 _ t i . 1 ) ‘~~~t IVt ’ ?\~~ ‘ 5~ :Ih1V A. •I’Ik’ i \ ~ l l 1 I t ~~I ,_  : t ~ ; Of t h e t .-) 11(Mi_WJ 
~ -~~

J 5u c l~i:.~ ‘ en C\ I: :t ~t Ct ’ t li I h~ ‘ di aw ii iqs 1 l~~t t ~ I in ~ - 1. 1 s U M i  ~~ r~ntc -~~te:
to t.hL ¼ I t i h I 51I p1i c.;~~it ~ r Tc j u i t (~~~~n t s  of  this ~~~~~ ~~i [ i c 5 a t  I OU Lor an iS mi U ~

—

1m~-t er  di , -
~ i,~t t ’i t0 f l t’O~ -

3 .t~. 1.1 F i e ld  ~- t 
- 

v i~~~ The fi e ld  of vi~~ of the Wl~~i~F opti cal systuli r~a1i
ha.’ 30.0 i~ - q d~ \ ; L L~~ ’~~

; (~~i’e 4 . 3 . 7 )

I .6 .1 .2  ~ ~ -‘ t U 1 ,~ The clear- aI~.mrt .ure of the ci i u n t :~ shall ft ~ as n~~’c-i i t a .~
on he r~’ Ia..  V S U ;  t ~I r a ~: ~;s - (See .1 .3. 13)

I 3 _ b . ]  . 3  1’k~ hf l -~ - - r  t ! : . j p i a  I f t ina. t_ ivn (~’TI1 -’) Th- ’ obp’~~t IVi ’ s h a l )  ; 1u- 1 i 1 1 - ’
an £‘~i’l- wh ich  n .  -~ c l t’ r  t 1i~u~ t 1~5 tt  ~~~~ i l l  F i - .~ui a. ’ 1. ~~~a ’i’ ~1. ~~~_ ; )

3 .6 .1 . -i l i n ’ . i i  ~1I:;te! t i~~i FIic I i I i a . ’511 ~1 i n t t  i t t  1~~- ; )  et I .~~
- a. ”~ l~ ’—~ lVt ’ , L t t

:;h.j 1~ lja.~ ~~~~~~ 4 - - ~* cent I n J t ~~:run u~J 4--fl’; c l I t  f t~i i i  1. c~~~’ 4. ~.i~:;

~ .5 . ‘ • t I i ’. ’.l_ t i  , t r ’ ~~~iit t i t i ~’~ ‘Flu ’ ,iV-.- L- Iq~’ a ’1 t ~~‘.a1  I ’  - f l - - I - U t  t - .~~’~’ ,~f ~ -

I ol)j . ’. -( ive . . : - t - ~ I ;t ~ ’~~y ,  I I I  t~~k~ li ( ( I  1.~ Ili [~ ’I~~1I- 1 . 1 I I 5 - l 1 I~ T l , 1 ~ i~~-d ~~’t 11).1.Z1
83 F*’r cili t . ~~‘ ‘  4 .~~. 1! )  -

I
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3 .6 .2  c~ ij ectiv ’ Asi;e:~ dv ~ The r~~j ui 1 t i :  ‘a it e t  the L iit~~~i:~~3 paiu-:r’~ ‘h~a: e ~ -~~i en c~ i ’ ( .~111Ufl. 0 tO (he dr.iwi:i~j s 1 i s-I ~‘ I in  - I . I , .u~J on ( :uLor.vs . : i :
to tjj -~ otI ; .~ .aI ii a I i cdhle ~~ ‘a . p : i n i a~~’nts a t i l e -  .~~~ i t i ~~~~t i - ~-fl ~Cfl ,J;  15 a~~j~~—
Ii~’t &-r  di, !l~ i i 02 .~~it -

3 .6 .2 .1  Field of vi~~ The field of view of the optical systiiu~ shal l he
5.0 + 0.4 dLxjrecs. ( Sec 4. 5 . 7)

3.6.2  - 2 Anerture The clear aperture of the lens e1~~ents shall be as
specified on the relevant drawings. (See 4 .~~. 8)

3 .6 .2 .3  tkxIulation transfer lw—action ‘h ue objective lens ass~ thl.y shal l
provide an MTI” which is ca.~ial to or greater than that specified in Figure
l~. (See 4 . 3 .9)

3 .6 .2 .4  Linear distortion The linear distortion of the objective
assLlthly ~~~~T l ~ci~~tween 4-percent pincushion and 4-percent barrel. (See
4. 3 .10) .

3.6 .2 .5  ~~~ica1 tr n~~ ittance The average optical transm,ittar~ e in the 8
to 12 micru:~-ter range of the objective ass~nbly in the NFG~ shal l be greater
than 79 percent. (See 4.3.11)

3.7 Workmansh ip All detiiils of ~orJcmanship shall be in acoDrdanCe ‘~.iithhigh grade opi~ical manuf actur ing practice . (See 4.3.4)

3.8 F~’iv irannenta1 conditions

3.8.1 Ajhercn- ’e and Abrasion There shall be a -to visible damaqe to the ‘rrca
of a cOatc~d surface used loi the adherence test or to the rt Ltx~d area ot a
coated surfaa,x ’ .iitcr being subj ected to the “adherence and abrasion ” test !;
Sp .2Crtied in drawLrr.j SM—C— 77369l . ( See 4.3.12)

3 .8.2 Humidity There shall be no visible evidence of f i lm detiirioratic-u
after being sul)lcctoJ to the conditions sli~cified for “numidity ” test~i in
drawi na SM—C—773 69 1. (See 4.3 .13)

3.8.3 Sa t spray (fcx ) There shall be r~n visible ev idence of filr1l d :tcrio—
ration af ter the coated optical elc~~ nt has been subj ected to the tx—st
specified in drawinq SM—C—773 69 1. (See 4.3 .14)

3.9 Identification and markthq Each e1c,i~nt (including those belonging to
objeciTve a~~ iElics) ?~~~

‘
~,TT~ individually marked in accordance with the

applicable drawing w i t h  the drawing number [or the ehim~rtt , type of material ,
material melt :ucsbcr and coating run nuirJx~r , and niazuu f etux-or ’s rian~� or cxiie
s~,uio1. Each a.-hinc--nt shall be individuall y bagaicd and the beg nurkcd in
accordance wi th  MILrSI’D—130 wi th the aLove data. The 1-ad joact ivity label , ~•t.

requ ired , dcscr ilx ’d in draW inq — a~— i , ’232 (~, shal l  be finnly af l ixaxi to the bag .
(S-c 4 .3 . t .d
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4 .1 R .~~~,nsibi l itv~ for ii~~p ’ctien Uiilcr ;s ot:hci~~i~ e ~-p ci t iW in tht
contract or ptird~ise order th~ supplier is respensiblc’ for the p?rforimmo-
of dli i nspection re uir~ 1k�iuts as specified hercin . Ex (

~pt as otherwire
specified, the suppl ier may use his cx~n or any other facil i t ies suitable

I for the p�rfoxir~uuce of the inspect ion re j uirc~iunts sp-cified hi-rein. 1ns~~~ —
t ion records of the examinations and tests sha]1 be k~-pt cx~nplete and ‘~ il : th i - -
to the Governncnt as specified in the conti-act. The Covernrauent reserves the
right to per form any of the inspections set forth in the [.*urchase description
where such inspections are dcai~~1 necessary to assure that supplies aid
serv ices conform to the prescribed re uir~ w’nts.

I 4.1.1 Test Plan The contractor preparcd Q~ver a~-rit -approvc-d test plan as
Ci tf .~I in tJi~~contract , shall contain:

I 
(a) Ti1T~’ schedule and Sequence of ex~’.minat ions aj -xl tests .

(b) A c(x1!plete descript ion of the n~~Uucd ot test and proctilures .

I ( C)  compl ete ident i f ic~at i cm aid description of each inspection in tr~z~e ;-~
and ~at e of aic -  ;t recent C,IU I rat i en.

I 4. 2 Inspect i on conditions Unless otlu~rwise specified , all inspections
sha1l~~~ pcr[on:ed in accoi dance with the ti-st conditions specified in 4.6.
All test methois wherein lat i tude is graratcd in test details due to

I variability of approach ar~l test tacilitics require Government approval prior
to initiation of any testing .

1 4.3 ‘l est p~~cedurc-s

4 .3. 1  Desiq n ar1d P~y structicn F’er ~.phcr ica1 surf ac~ .., standard optica l

I surf ,~~test p i t b ~s tii~~l1 be p accd in ntztct with ft.- subj ect eluneilt ~:J th~
diffei ene~ in surf ~tee accuracy .:rd r.~dii is ( -tcrrrur~~~ by the interferenc ‘

foa:ad. The radius differ nce ~, can be calculated L ~~~~~~ R N ,~ (2 1V3,
where t~ is the at umber ot fringes , ,\ is the illu:iination wavelcncjti:, I~ 15 the

I radius of the test plate ,aix] d is the diauk .L er  over wh ich the iri asurc~:~ : t -  is
mad ’. Surface accuracy is deteimincd by visually examininq local are as c- ~~ t i e
iiute r feren rings for ~‘tatioas frcv~a circul ar shape. For aspheric U sex i~ c~’s

I the F’oa:cault kni fe  edge test si ; il l  hi’ u.;od to determu-e tire diffc a -aces hi ~~~
- ~sa

m e a s u rt t I  foci values arx3 calculated foc i values fran t h ~’ u r~.ttioa !ur th e- a e .~~-:- i :
surfa-~e for various zones across the elunent. (See 3.2 )

4 . i . 2  surface~~~~1ity Surface qual i ty shall h~ rnea~urcd by u -~.u is — ~ . t o
a. sta: ~i~iT—i~ t of graded defect s in test pr(x’edures for “ st i f s~~.- e0 ~ v’ .
M1b—(}-13830 , and “Cl)dtinq proce and “Surface  quality ” o~ t tl —t.~— : ~~~~~ .

(~~~~e 3.1)

I 47356
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4. 3 .3 1’dqe Chips Each elcinent slial 1 be inspected visually in d i t fu ~
i1iumin io~Tot i~ormai intensity . Chip d imensions shall be ~~~ sur~d wi th
standard measin-iny equ i~inent . ( See 3.3)

4.  3.4 WorkmsL~-;1tip TI-to fabr icat ion prcce~ses , facil it t i-S  ard t i~. J
it t  a e1t~tiJnt~ ~ut i c’;) ;t st j ve ~~ s~~irbl los shall be c~)sc-rv¼~l ,r nd in ~~~-ct
contornunce to the rc u i r~ neiats . ( See 3.7)

4. 3.5 IIandli:~j  The packing iwiter i a ls  aid storage areas shall be
inspected t~o ver i fy  adequate precautions against physical damage to Ui~lens materials and coatings. Observations of the har~i1 irrg techniques shal l
be n~~ie to detennine that proper safeguards are being used to prevent
contamination of the lens elc~nent :; or assc~ublies as specified har”in . (See 3 . 5)

4. 3.6 Identification aid r.~nrkinq The elements shall be visual]y
inspected to verily tLhat t h e  rnarkinqs are in accordance with the appl ’ cao)e
roquiiiim~nts and draw ings. (See 3.9)

4.5.7 Field of ViCM The field of view of the objective assui~ ly shall I - -~
nLasur ed n conjunction with the linear (p ira. 4.3.10) distortion te ;t o’o r
thc’ tonit-tt  Sia ’  specified. (See 3.6.1.1, 3 . 6 . 2 . 1 )

4. 3. ii Aperture The exposed clear apertur e of the objective assembly shal l
be n~~eshrcd using ~‘k~tbcd 3 of t’tlI,-S’fL)—lSOA. Pupil diameters shal l be
established by ray trace analysis. ( See 3.6.1.2 , 3 .6 .2 .2 )

4. 5.9 t ’txlulatio:t transfer function U~Tl’i’) The !‘WF of each thjective ass€~’~b-ly
shall b~~ n~easiiied using a test set and metlxxls siinilax- to that shown in -Jrcw ir~i
SM—A--774953 , “mxlulation transfer function” sect ion . The MIF shall be reasuros
citJ~ r ~.x~ntinuous1y or in 15 discrete steps between 0 aid 15 line ~~~~~~ p et
mii l in~~tcr . The MTF test shall be run at inf inite (x)njug ates. Off-axis
measurt~ cnts shall &~ made in the same plane as that chosen for the on-axi
imaqe, aid shal l corres[x)nd to an image translation parallel to the long
dimensiort of the detector array. The lens elci-nents cxx~ç risinq an ass.~~b1y
shall be noun t&x] only in test lens holders. (See 3.6.1.3 , 3 .6 .2 .3)

4 .~~.l0  Linear distortion The linear distortion of the objective ass~~I~lyshall be ii~easurt~T~~ intj either 1~~tl~ xl 25 or tk~thcx~ 28 of MIIrSTD-150A, SU~r~
s ti tt  it i rig a suitable detector for the spectral req ion of interest for the
microscope. (Sec 3.6. 1.4 , 3 . 6 . 2 . 4 )

4 .~~.l l  Optica l transmittance The optica l transmittai ce of the obj ect ive
ass bly~~i1Tii measured directly. Coated witness samples from each nui
of lenses wi l l  be s,e~ sur al for transmittance. Fran these data , the overall
t.r~jm~ni ttancc wir~ ~.‘ calculated. ( See 3.6.1.5 , 3.6. 2 . 5)
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1 4 .3. 12 Mhercnce aid abrasion The adherence aid a~-rasion resistance ~haU
be n~ asured as required by d rawing SC—M—773b91. ( Sec i. 3. i )

I 4.3. Ii H m i  The hum idity resistance shall t u  mea’~ur~’J as requiredby dr:awinq SC—M—/ 73 69 1. ( See 3.8.2)

I 4 . 3 . 14  Salt sj~ray (f ~~,) The salt spray ( fcv~) i-es i ;Lra ce s1~r1l be
as tequirod by (It iWint i ~C—M—773U9l. (Soc 3. 8. i)
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