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Abstract

Antaros it a 24-DOtIw, 40-TU carbon-dioxlda Itsar-fusion system currently n~aring
Completion it tnc L09 Aldmos NAtional Laboratory. Tno 24 ootms will De focusaa onto a clny
cargoc (typically 300-1000 Mm In dl motor) locttoa aPPraMim~tOIY at tn. c~fittr af a 7~J-m-
dltmacor OY 9,3-m-long vacuum (10-! torr) cndmbor, Tn~ oosign godl 1s to poslclon cnc
cargots to wltnin 10 urn of i stloccad nominal position, Wnlcn may oe anywn~r~ ~lcnln ~
fixto spnmrica! rtgioII 1 cm In olamotor. Tn@ Ant#ras RaforancQ TQIQSCOOQ 5yst@m IS
inttnaoa to nfilp acni~vc tnis goal for alignmant dno vlowlng Or tno vdrious c4rQcts Usaa
in cn~ Iasor syttm. Tn. Antaros RQfaranc@ Tal@scapa SysLom cansists of cwo Similtr
tlactro-optical Sysloms pusitlonaa in a near ortnogon41 mannar in tno ttrgoc cnamoor arai
of cn~ 14s9r, Eacn of tnaso consists of four suosyscoms: 1) 4 fixdd 9X aptlctl lmaglnq
suosystcm wnicn products an image of tn. target at tn~ vlalcon; 2) a rot::~~c::ajactlon
su~syscam wnlcn suporimpot~s in image of cno r9ticla ptttorn dt cnc o 3) an
iaJustaolo front-ligntln~ suosystam unicn Illuminttos cno tdrgtt; ana 4) an ~a~ustaola
odck-ltgnting su~systgm wnicn also can Dd usoa to Illumlnata tn~ ttrgtt.

Tno various optical, mocnantcal, and VldfCGn closign COnSid9rat10nt dnd trdO@-OffS arc
aiscussad. Tn~ final systtm cnostn (wnlcn is aging built) ~nd Ics currtnt status dra
aoscrioaa In cl~tall.

Introduction

Tno AfltarQs Roforoncc .f6i0~:0p0 5y~t9~ is d complicdttd oloctro=optl cal-macnanlca I
system nnoso main puroosa is to onto19 tar Qts used

!
in Ant~ros Laser Sy~tOm to 0.

poritionoa witnln 10 um of t :alactad nomtna position. Tno nominal position miy O,
tnywnorc witnin a fixtd spntrlcal raglon 1 cm in diam@cor, c~nc~roa on Cnt Contor of tn~
tar~~t cnimbtr. Tno optical subsystems and tn~ vidicon syst~m nivc boon manufaccuraa ina
coscoao Tn~y conform ta tno roqulromonts. Tnt mocnanlctl syscam 1s curr~ntly una~r
manufacture, In tnis trtic lo, tna optical, mocnanlc~l, tna viato dosiqns tra discussaa
dlang witn tnc various trddo-offs. ~n~ reasons fat tnc cnoica ar 4 particular a~sl~n co
r9acn optimum syscam ptrformanco ara given, Tna Qxpor!manttl rtsults aectlnta so f-r 4ra
statca drd tno currtnt st4tus Is aoscrtbad.

.
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Clpco-macnanical rtqulromonts

In aadition to tno envious roqulromancs to provloc mounting for all cna opclcal
components of Lno ttloscopt system, manual (setup) ddJustmonts w~ro nttatu in savordl
instances. RGmot@ pr~cision ddjuStmOntS w9r@ naooaa for the followin9 c*sa~: 1) fucu$
dajustmcnt ffir tna Iarga 9X aptic~l r~lay assot71Bly; 2) tnrae axis aoJustmsnts for cna
vlaicon camara/roticlQ projactor assmnoly; 3) dZi~utn, @l@v4t10n, dna focus adJustmancs
for cno Ians pair in tno Dack illuminator; dna 4) focus aaJustmant for tnc front
illuminator. In tadition, tna mtcnancltl structur~ nda to 06 of sufflciont scl~fn,ss so
tndt motor activators, target vacuum cnambar motion auring pump-sown, ttc. ao not
dpProciaBly a~graaa tnc optic-l porformanca.

Pnyslcal ana cnv~ronmontal roquiramtnts

Tno COIQSCOPQ systam was rgauir~d: 1) to 06 CtttcnQd to :ha existing “spaca frdm~”
mirror support structuro instao tna Anttros ttrgat vacuum cnamD@r; 2) to D@ aecoupl~a from
tnc cnamocr will ts mucn as posstolo (co limit tno forcas on tnt t~loscopa sysc~m finlcll
doula dct to pusn it out of dlignmont aua to tna ralatlvo motion betwocn tnt “spdce frame~
and tnc cargct cnamDor w*I 1 aurlng tn. vacuum pUMp-dOWn); 3) to ●mit tn~ ttrg~t ~dcuum
cndmoor at two spacific ports of sovoral pro-txisting ports in tno cnamb~r u811; dna 4) to
ntvt tno minimum profll? ~n oradr to proviaa maximum solia dngla avillaolt for tng otn9r
ttrgtt aiagnostlc syst~ms.

Tno vacuum anvironmon~ of 1o-6 torr ntctssitataa tno USQ of low outgasslng mat~rlals
ano an apcical-qudlity vtcuum window. Ouc to ganaracion of aobrls aurin9 dctual snots on
tdr9at, a ‘bldst” snuttor co protact tno optictl tlom~nts of tnt toltscopa systam das alsa
rgqutrca.

Controls roaulrtmancs

Tna compldx Anttr@s controls syst~m, usta for pr9cision rtmqto #aJustmants and otn~r
controls functions Ilk. tno closing of tno snucttr, turning on dna off tno Ii nt sourcos,
ate., ?imposao ctrtatn guiaal inas, wn~cn naa to BQ followta to onsuro compdtiol Ity octw~cr
tn~ talascopc syst~m and cnt controls system compucor. Far cxamplo, tnaso Uuiaellnfis
limlt~a tnt cnoicc of typas of motors usacl, tstaol isnod tn~ ncoa for fotaoack/vorificttion
of vdrlous operations, ate.

Oasct!pcion of tn. mdJor mocndrlcdl subdssamolios

Fi9urt ; snows tno r~lttlvt location< of tn~ suDassamBlios in tn. tdr9Qt vdcuurn cntmoor,
Tntso suoats~mallts ara Oiscussoo b~lol

}X opt) al rtlay 4SSQMDIX

Tn@ 9X Optical Ralay As8@mBly 1s snown insta! loa in its nousing in Fi9ur6 1, Tno 9X
optical Rtldy Ass@moly ~csclf consists af tn aluminum tuoc 20,5 cm in aiam~tar ano 240,0
cm lan90 i: on~ tnd dflo mountoa tnt two aauBl~t aojoctlv~ Itnsos tne tn tnc atn~r tna Is
tnt nosttivo aoua~ot (Bd,low) l~ns. Tnis nQ9aclvo I@n$ is mountati so th4t it Cdn Oa
mtrually 4aJust~a to Bo an-axis uitn tnc oaJoctlva Ians, At i al$t~~ca 95,25 cm from cn~
front of tn~ tuoc , dt approximat~l f tn. c~nt, r-of-9rtvlty, Is t mount lr.v fldns~ ~nlcn 16
proc~tion m4cnlo9d to 0. porptnaicu dr to tne optical ixis witnln *0,5 mill lraatin, 7111$
mountinti f14n9~ ittacnas ta a stlffcnaa structura wnlcn mounts apon FJIIOW olocn Ba4rln9t
at fau; pldnarn to d l-incn aiam~tor pr~clslan Iinadr shaftlns,

Focus pcsttiunins of tna UX 0ptfc41 R@ldy Ass@moly is tChiQvQO oy octuatlon of 8
d(J~-StOP/rQVOIUtlOn St.PPQr mOtOr arlV@h tnr0U9n d 10:1 r\9nt-dnqlQ bOrm-9.tr SCr@W-J4CK,
A stap r~solution af 3 urn results, LatQral movmnanc of focus du~ to tolortncas In
strti9ntn9ss of tna sn4ftln9, mount,n~, Cnd il~snmant navt Dean Qstlmdtod dt J,5 Mm p~r cm
of trdv~l,

TQIQ\cGoQ nauoinq

Tno ttldscopa ndusln9 IS dlto snown In fi9ura J, It conslstl or d vacuum=clwnt wtldca
alumfnum Ooa nltn 4 r~mavdb!a access covor surrounding tht 9X r~lay Opttcs focus
4dJuttment mccnanlsm wltn aluminum flan~cd Plpo dttachcd to oatn ends for anclosln9 tno
rgmdinoor of tna 9X rolty apttcs dssamoly. Tn~ forwara tuBa (clostst t~n@tnQ ttrsat)
tupport”. tn Optical-quallty vacuum windaw ana ~ts protoctfvo snutt~r, rctr tub.
dXtQna$ tnrou9n Int vocuum cnamBor wall ana prOVldQS for dctacnmant to tr.t Instrument
PdcR49G Assambly. Tnis tub. Is stalta to tna tar ot vhcuum cnmnoor (TvC) tnrawgn 4 wolace
OCIIOWS JISOmBly. fTna flan oa Joint approxtmato y twa-tniras of tna wdy dlong tno roir
tuoo ~s a f~tturo to dla In 7nstdllation tnd sorvicfn9 of tn@ t~lascdpt,



“Spaca-rram:” dttacnfnont”—.

Tn@ central Dox structure of e toloscopa nousin, ~a?d::samoly dttacnes to tne existing
:ilrror support “spaca frama” ais loly tnrougn ano Bolted structure. Coarse
manual positioning aajuscmcnts are provio~d to aia In initial sttup posl:loning of tna
t@lascopas.

Instrument p4cKa9~

TnQ instrum~nt packago wnlcn IS snown in Fi ura 4,
{

atcacngs to tna rear fltnqo Or tne
Koltscopc nouslng assembly (oxtorntl to tno Vc). It consists of a walaeo alumloum
structur~ to wnicn aro attacnod tn. vidicorh camori, rotlcla projtctor, front illuminator
(tna ltS l~gfIttrtp), and two Damn Splitt@FS.

Tna tuoo f~ca of tno vioicon camtra 1s medntod at t~o focal pltna of tno t~ldscopao
Tno roctclo projac’ior is mountad on tnc samo structuro as trio viaicon camera. Tnosa Items
dra, in turn, mountad ta a motoriz9a X,Y,Z translator dssamoly to provlae remote
positioning of tno cimora ano r~ticlt projector in trjo focal plan~ of cne telescope,

Tn. front Illumlnttor xenon irc lignt source is ablo toi:lll cnt pupil of tnt t91escopc
ror front lllumlnaclon of tht tar ot.

?
Tno Iignt insortoo tnrougn d 5J150

oaamspllttor. Transmittta lignt is ro lactod into a Iignt trtp to minimiz~ lignt return
to tna vidlcon camsri. ThQ front illuminator 1s mOuntOd on a translation Staga fOr rQMOte
focus adjustment capability.

R.ar illumlnttlon system

Tna R@ar Illumination System consists of two Iignt prodoctors, snown in Figuro 5,
mountoa axt~rnal to tnc TVC. Lignt from tnasa projectors ptssas tnrougn winaows in tno
cndmotr dnd 1s rofltctoa off mirrors unlcn alrgct tne light tnrougn tn. ttrgat location
into tna two nadrly orthogonal toloscop~s,

Tno Iignt proJQccors tncmstlvos consist af d nign-inccnsity prodcctor oulo
p4ir for alractlng tnt Iignt to tna targat. Tn@ Ions pair is tsountaa in a
positlon~r pormttcing control of azimutn, ol~vation, and focus so that ttrgtt II
can 00 optimlzad rmotoly.

Ooscrlpclon @no analysis of tn~ optical and vldoo Ooslgns

10 n48tc contio~rations

and lens
motarlz~a
umlnatlan
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2. $alcctlon of vldlcorl:

a) Resolution roquiromtnt:

For a rasoiution @lQm@nt SIZQ of 4 mm, tt’Itresolution N in ltno-pairs/millim@tor Is
N ● 1/4 ■ li45X10”’6 ■ 22.2 llfIO-P~ir?/nImat tnc vldlcon pnoto-cathoao. Tn) is

~qulvalant to 200 llna-p4irs/mm at ths objact plana.

D) Avallabla vertical resolution:

About 35 of tha 525 scan linas ara used for controlling tna raster, and tno r,mainln
00 not provids conttnual covorag~ of tn~ tmaga spac9. Tho ratio of tnc minimum vtrtica 7
roaolution to tnkt of tn. lint spacing ii usually about 1.4 (th~ rgciprocil of 1.4 or 0.7
Ming Known as th. I.011 factor). The vertical rasolutlon, tnan, is aoout 340 llnas. for
monocnron~ TV, rogardlass of tna sizo of tnc VldlCOn usaa.

Howovcr, tnc avallaDl@ resolution in lp/mn will dopcnd on En@ vidicon size, as will DQ
snowno A standara rast~r nas a ntignt-to-wldtn ratio of 3:4. Tno raster dlamotar d will
ba 8, 16, or 24 mm for t 1/2-, 1-, and 1 l/2-lncn widicon rQsp8cyivaly. Tnc availdolo
v~rtlcal s~solution, for a 525=1 ino systcn would M:

All tncso casas mmt tno rosolutlon roqulr~m~nts.

c) AvalltBl@ horizontal r~sfilution:

Rtcalllngl tnat ona lint-pair is 2 TV Iinos, Jnd t.n9 tolcvislon industry custom of
ratlnq vidicons In 9TY linQs/picture n~fgnt,m wc navo for a 3:4 rastar, tno rolallon,

N (lp/mm

Thus we can tanulato for ~ 1000-Tv/pn

dv(:llln) 3 parcont

8 104
52

;: 39

● N(TV)/1.2 d .

in@ vidlCotI, tho followlng r~solution values:

N (lp/lWfS)

M.T.F 50 porcont Y,T.F

45
22
15

Recalling tnac t ‘1OOO-TV lin- vidtcon” would typfcally nave 3 parcont MTF #t CiIQ
cut-of~ roiolution valu-s, th~ nor- maanlnqful valtits foi 50 p~rc.nt MTF it 430 TV
llncs/ptcture noiqnt for rcsolutioh ara also taoulatod.

o) so ncluslons:

from tno tDovQ consld~rations, u. can contlude that a !-incn vioicon capaalo of 1000 TV
lines/picturQ noignt is proforaoln for tha currgnt application. Flquro 6 snows tna
@xp@ctad MTF in tnc orjcct plant for ttto optlctl system, tna 1000-lfnQ VldlCOn, and for
tno comoln~a system.

ThQ Cnalnlcon ey TOSnit)C (availdbl
1

from Hamm-matsu as vidicon N1453) n~l 4 n~gn
rcsponsivity of 0.38 amp/wttt at 4900 , Tnls vfdlcon is tvs~iahlo ip a m~alun-n~gn
r~solution vcrsian, rataa at 800 TV lines/pictur@ nti ht.

!
Howavar, tno ratlnq 1s very

conscrvtt!vo. Tna ritoa MTF Is 90 pcrc~nt dt 430 Tk 1 nos/picturo ncight or 22 l,p./m.
HQIICQ, thiS it tht tubo Of CtlOiCO.

Tno pictura sizo of tna viatcon tuba planned for U8Q witn this systam is 9,d mm BY 12.7
mm. At 9X rcductlon, tnis Wans tndt ~no Iargost spnarical objgct tntt coula Ba wnolly
ancomptssod in tht fitld of view of a sin 10 plctUrQ Is ona Witn 1.067-mm d~amocor,
HcIw@vcr, tnc mccnantcal systsm can scan a I-mm-dtam@ttr Obj@Ct fitld, Jnd tna OptiCal
SystGm dQbign provides ~ood imagm Qualfty over tnis fi~ld.

3, Y btLal Ooblgn Antlyai~

RQlativQ to tnc varfous design approacncs considoraa, WQ ShOuid first moot{on
rQfr4ctors vs r~fl~ctopl. The trOUB19 With refractors 1s, Of Courso, ~tCOndar# COIOP. WQ
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haVQ ●lr,ady rnantlonaa what W* constdtr to Oa a fiirly saverc limitation on the
ptrmlssibl~ uhvolongtn band ‘Jivon by tno resolution roquirtm~nt. Tnis alone makes an
all-rafloctor Systam much 108s attractlva than it would 09 for a non-imaging rgqulromgnt,
for taamplo, Furtner, tn. cenfi urational constraints (trio systan! must fit totally Insiot

!a 7 l/2-lncn-dlamator pip.) ml Itatas d9~lnSt an all-rQfloctor systam, bacaulc sucn a
tystam would n.cossarlly nav(l a central oDscuratlon of th~ pupil.

A SySt09 using soao refractory Qlomonts and Soma raflccting ~lamants bias also
cOnSidOrOd. A rcfrtctlng filom@nt would BC placad as C1OSQ to the Object as POSSIB1O to
gatnar Itgnt from tn. objoct at tnc largest possiblo numorlctl sparturto Tnis ●l@m@nt
would tnon food lignt to a roflcctor systtm in som~ way, possibly witn otntr rafrtctor
alomonts, to prOvld@ tna P@qulrad 9X aagntfication and tn~ r@qulrod ovorall Icngtn. Tnls
is c faaslblo approtcn, nut It prosants a vary ssall aavantaga wltn ragtrd to secondary
spactrum bocauso most of tno pow*r In tne systam must bg put in tn~ first rgfract!ng
tlomant. Furtn@r, tna rf.fl@ctlnq ●Icmtnts lntroduco IIigh@r lignt 10SSQS and also navo an
obscuration in tnt pup~l. Tnc dlstdvtntagas of tIti8 systmn, particularly its txtra
complexity, aro suBstant’(al, 4nd tn. advantages marginal. so WQrUltd it Out.

An all-rafractlng syst.m was Salactod. If ‘II of tnc powor in sucn * syscwn is
COnCQntrdtQd at onc ~rollp of lcnsas near tno window at tna clos@st allowaolo aistancc from
tna oojact, w. do nOt got Cnywnorc ngar tn~ raquirod 9X ma nlflcatlon.

\
It is nac~sstry to

USQ d “tclopnoto’ approacn to g*t -9X linaar magnification n tna space givtn.

Our (IQsisn cOnSlft$ o? a Camonttd douBlot of 1425.8-mm foctl langtn 10catQd
dpproaimataly onc motcr from tna obj~ct. Tnis dOUOIQt do~s not qultt Collimatt tns lignt
and Is follow.a By d Second Camsntod douol~t of 1613.9-am foctl ltngtn. Tnls second

aouolat stron lY convcr90s tno
convarganco 0? tn. lignt to tnat r,quirad for 9X magnification and tno dtsirtd imago

lignt toward tno tal~pnoto tlamtnt wni$n uatkans tn.

Iocatlon,

tit now cxamln@ tiIQmatt@r of s~condtry color u8inQ wnit wc consio~i” to be tno praferrad
d~si n dpproacn.

?
H@ do not consiatr it practfcal to us, an apocnromat approacn. It

rgqu ras tnroo difforont 91ass typgs, at least onc of whicn must OQ “unusual” and
COnS@qu@ntly costly, and tna indiVldU41 OIQ~Qnt pow@rs art Isucn lar9ar tnan for aChrOmttic
correction tilt. consoqutnt incr~ssa in cpnwochromaclsm (unlass ono of tn~ glissos is v~ry
unusual and vtry axponsiv~, fluoritt for cxamplo, and not at 411 prtctic~l for t ltrgc
alamotor systtm).

If consta~ration of p~rform~ncc hod cost turn us away from ‘full apocnromatic
CorroctlQn, tnon tn9 only advantago of partial dpocnromatlc Correction - Sucn as would DC
providod By tn. USQ of tn unusual 91ass, a snort flint, or a pnospnata crown, in t simpla
douolot - would BQ to t~law a $omQwnat larger Dandwiatn rtgion for illumination and
imaging. Tnr $Ocondary color Oaprtssad as s wave aberration.vdri~s as tn. fourtn pow~r of
tna nav~l~n~tn dlffortnco from tno design wavolongtn. If a ctrtatn W4V0 abbrratlon
tpoctflos tno tllowablo ltmit of s~condary color, tnan if wa nalva tn. valu~ of tnt
t~condary color by ustng a s ocial glass, wo could incroasa tfi~ apoctrtl Dtndmiatn of our
system D only 19 poretnt.

i
f i’IIS hardly so9ms wOrtn ft. Ha navg, tnartfort, chastn to usc

common g ash~s fn our doslgn,

Tnc quottion of tn9 usabla uavolcngtn Band is cstimat9a oy tn~ followin9 calculations.
For t dlffrcctton limitoo systomo tna $QcOndtpy cQIOr @aprO~S@d as a W4VQ aoarration
virlou wltn wsvolongtn as tnc fourtn powor af waval~ngtn dlfforoncc from tnO d~sign
wav~longtn,

P (h) ● a (~-4960)4 wavolongtns ,

U@ will show lttcr th~ p@rfOPmtnCQ data on aur Iystofl, and at ,\_4750~ ana L=5150~, ttc
wconatry color is tpproxlmattly 1/2 wavolongtn, Tno MTF for mdny fncrwsunta! uav~l~ngfn
Btnds ts found 8y adding tn. rtoponsos (avcraalng) for cacn small tntorvtl,

A
● 1

and tn. MTF fOr an Out-of-?ocus condition Varies

,

.
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ThiS is not d darivaa formula, it is merely astimate~ from punllsnaa grapns of tne HTF

of a perfect system witn focus error in varying amounts. we may tnen write:

P(A) ● .29 - (3.125 X 10-10) (A - 4950)4

A*
1

\

-20
Mm ----------- [.29 -( 9.766 X 10 (k - 4950)8] dA

(A* - 4950)
4950

= .29 - (1.08S x 10-20) (A - ‘1950)8 .

If we allow our .systm to b. degrddtd
f

y scconaary color to 0.8 Or its theoretical
maXiMUUI, i.e. to 0.23, tn~n WQ find A = 220 ; or, inca u~ nave approximate symmetry of
tncsc arguments drOUnd tne design wSvtl@ngtn, 440

!l
band is acceptable. using all cna

same approx~mations, a sp~ctral bandwidth of 370 would degraae cne performance of tne
system only to .95 of its tncorecical maximum, truly negligible.

4. Illumination requircm~nts

[t is necessary to design the SyStem in Order to nave tne data for a reasondole lamp
cnoice, condonser deSl n, and illumination CdlCuldtiOnS.

!
The ap~rture stop of our system

is located at tne sur ace of the lens Qlement nedrast tno ooject. TnQ exit pupil of tnt
system (also the entrcnca Pdpil, at least for tne illumination system) is locatad 1497 mm
from tne imago (vidicon tdrgot) dnd IIds a diamater of 24 mm. Tnls must OQ fillea nitn
Iignt, as must & 45-mm-diamatar pldnc at tne iinaga. Th@ condenser syscam 1s placed in tn~
vicinity of cne im4go point (actudlly a point conJuqate to cn~ imago uicn respect to a
otam splitter plang mirror), and an image of the lignt sourca formaa at tne pupil in tnc
conventional mdnnar for projectors. U. wdnt to avoid very large magnifications for tne
conaensar systcm, ~nd yet we must nave a very hign radlancc source - incompatible
requirements. we rIdvc selectea an 0sr4m snort-arc xenon ldmp of 450 U rataa power. The
averaga lUmlnanCa ts glv.n ds 350 cci/mm2 dnd the arc size as 0.9 oy 2.7 mm. we use only
aoout 2/3 tnc length of tne arc alongsiae ltsclf to yiela dn effective sourco sizti of
aDout 1,8 mm aiamettr. This requires conaansers giving 13 1/3 times magnificscion. wo
were unaole to find a stock cunaanser systtm wnicn wds sufficiently well correctta for the
necessary conjugates. A two-e]emont pyrex condenser was aesigned for tn!s purpose.

We navQ e$timatea tna radiant@ of tno 14mp tndt WQ selectea By using tne dverdgo
luminance figure glvcn By OSRAM, J50 cd/mm2 dnd performing a numarical Integration to
drrlve dt a raa~ance tiguro for the drc witn~n the vlslbla spectral oana. Tna xenon arc
n~s & relatively constant radianct per unit spgctrdl band tnrougnaut its enciro emission
Dand. nnat wc did wltn tnis numarical interpretation was to estimate the value of tnis

i
cons &nt. Uitnin our 440A rtgton we osttm~ta tha average rafiianco of tna arc to be 20
H/cm sr. Our actual sourco consists of tne irc dna ~n image of tno arc. The image of
tnt arc cannot 00 ds bright as the arc Becaus@ of reflection loss4t and btcause of self
dosorption effects. It may be 60 parcent as brignt, so our nat average rtdianco figure
for tne source is 16 ks/cm2sr. On tnc way to tne target wo Qstimate tno losse$ 4s
follows: tna condensers nave four 4ir=to-gla8s surface8 unich WC hssume to Bt caatoa wltn
single-ltyor M9F2 anti-reflection coatings, 0.9224 transmittance. A aitltctric beam
splitter nas 0.5 refl~ctanc~ Tno alemontt of our telescopo system nive nign efficiency
coatin s,

!
ana tnorc aro olgnt tir-to-gldss surfacts, 0.9607 transmlttanct, Tne net

transm ttance of tno systam illuminating tnm oo~ect Is 0.44. The numgrlcal aperture at
tn. oOJact is .09, so tne lrradiance of tn~ oojact By tne illuminaclng systcm is

m ● (,09)2f ,44 * lb - Oilg M/cm2 ,

Tne roflactance of tnt 00JQCC we ndtc taken as .05, so cne raaiance of tn~ oo,]oct Is
(!f w prettna ~t is t plane surfac~] is

0.18/1 ● ,05 ● .0029 w/cm2sl ,

Coming oack tnrougn tnc system, we nava tne samg ~i~nk air-to-glass Surftces witn
0.9607 transmittance, tno d~alactric beam splitter witn 0.5 transmittance, a sacono beam
splitter for tne raticle pradecturs with 0.$6 transmittanc~,
0.8 transr{ttanca. Tn@ net transmittutc~ it 0.37.

and a Dtnd-pass filrar witn
TnQ numcrictl apgrtul’q at tne

Hamamatsu N1463 vidicon is .01, so tn~ fFraditnCO of tna targ~t is

f ● (.U1)2 ● .37 ● 0.00?9 - 337 x AU-9 U/cm2 ,
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tivlty of tn .38 A/U in tne Spectral band of tnterest, so for a
0fl.22C~! d~~sc’~~9~~l CUrP@nt will be156nA. This iswellupontne

or cnaractoris’tic of the vidlcon. It may be compared to a dark current of 1
I1OW tn~ ‘typical” omratfng cn~r~ctaristlc~ of 2131J nA.

ianca roquir9msnt was also calculated in a separate fasnlon. At tne limiting
qTF . .03 to .05 typically. Hart, tna SNR (signal to noise ratio, > 1.2. Tne
idicon TV system 1s establlsned OY tne video input system. A very gooo video
nave an equivalent noise i~~e~ of about 6 nA. If SNR limiting = 1.2, tnen
- 1.2 x 6 nA ❑ 7.2 nA. for MTF = 1,0, iSlg - llimitlng/,04 - 180
Ire u = .38 amp/watt, A = 1.22 c~2 . Then

)-9 u/cla2.

e tnat born metnods result in values wnicn are in reasonable agreement witn

performance data

7 are snown tne relationships tsetween tne aesign field (5 mm diameter at
vldiCOn fiald (wnlCtI can MeCnanlCally scan tne design field), dna tne tnree
for wnicn ray-trac~ data are presented.

8 are shown tne lens aberrations Ddsed upon pay-tracing Tne aata are f r
ald points mentioned dnd for tne three wavelengths, i47501, 49601, and 5150 .
in tna form of wave-aberration cl]rves. It is reasonable to say tnat tne

I aberration eXCept SeCOnOarY COIOr and d Smal I aMIOunt Of primary color,

is calculated on tne basis of tnree colors of lignt. A 370~ Dana centered at
considered to be adequately represent a by tne data for A = 4 501.
tne previous section. ! ~

Tn s was
ABands from 4730 to 47 51 and fro 5135 to 5170 ware

i be sampl~d by data at wavelengths of 4750 1 fand 5150 , respectively. Tne
was woigntaa .84 and the otner bands .08, corresponding to their respective
n consideration of tne constancy of tne Ilgnt source spectral content. The
r~ calculated using 0. S. Grey’s “Quick MTF” features in nls optics
program.

snows tne MTF amplitua~ at 200 mm-l for various focal positions. Tne SOlid
, to fiela point 1, tne snort-dtsn curv~ ta tno tangential responso dt field
tnc Iong-dtsn curve to tne tangential rdspanse field point 3.

snows tha MTF Ctlculataa as descrioea aoovc. Tn@ full curve is for tne axial
dasnoa curve for tne tangential field at fiela polnt,3 - tne worst cdsa.

1 speculations ●

ie nature of tne Qntire “scene” tnat tnc 9X ma~nification system will oe
s been a aatter of son. concern. Tnere ore few natural oBJects wttn
IS low 4s 5 percent. Tnis in itself is of no cancorn. He may still nave a
trast scene if tne Oackgraund nts z~ro radiance ana ff tne optical systtm nas
igfit, An optical system with $ pgrcent v~lling

7
Iar@, nowev~r, is d fdirly

Ind quite acceptable for most purpososo He knOW ittle aoout tne otckgrouna
I tne 5 percent reflectance ooject is to be viewed, out from wnet we see
ove,sll configuretlon, th? oDJect is insid@ a body wniCh may assume some of

is of an integrating spnore into wnicn a ratner intense lignt is oeing
must do all no can to mlniIIIIZO Stray llgnt uitnin tne optical system. If

+ is too Orignc, wc will Ooserve tne Oojcct as dark against lt, presumably.
Iaume, in any event, tnat W* will oe aoaling witn a vary low contrast targtc

ablltty of random, Iow-contrest detatl DY an optical system is proportional
Q“ under tne MTP solid. Tnere may Oe studies relating tnt t4TF of an optical
t antllty of a numan to potnt tne system at tne center of a low-contrlst
e know of Ron.. It is quits Dossible that an image fairly cadly aograded oy
or can 0. COnter@a In tne flold of V14W just as well ta a mucn superior
is trua only if tne low-contrast obJ9ct remaina Qasily aetectaoleo Hc snow
cn estfmate of what tne 14TF would looK liko wttn a 7$OA Ddnapass filtar.

font uoula still ot COhttined in a gooa core, so tnere is still some response
(probdnly raally a Dtt less tnan snown b~cause the reduCeO cutoff at longer
os not Oe@n tahcn into account ~n tn. cst~mate given). Tnia banawtdtn woula
con signal current aoove th~ “typical” operat~ng value, so tntra ts no point
o ltr~or spectrtl handutdtns. [t 80QU!8adv{sahle to try tua or tnrge



380157
different t’llters undar experimental trials to ciet~rmin~ tne Past spectral nanawiatn under
tne actual conditions of use. Tne range of spectral bandwidths within wnicn an optimum
may lie is rougnly 440A to ?403, centered at A - <350a.

In oBserving Figure 9, note tnat the response at 200 mm-l has a fairly snarp peak,
i.e. tne deptn-of-focus is ratnar small. TniS means rathar fine focusing may ae required,
but not necessarily, since tne object itself is ‘spnerical and nas d deptn tnat Is many
times tne dept-Of-fOCUS of tnc optical syster

The 9X lens system, wnicn is properly classifiable as a microscope oojective, is snown
diagrammatically in Figure 12, togatnar with con~truction data.

Tne optical system

The entire system is snonn schematically in Figura 13. I.ignt from tna 450-U xenon Idmp
is COlleCted by condenser 3 and reflected OY beaMSplittOr 4 througn tne 9X lens system to
tne target (not snoun). After reflection from tne target, tne lignt returns tnrougn tne
9x lens system, tnrougn oeam splitters 4 and 12 dnd tnrougn tne wdve-bdnd filter 13 to tne
via icon.

Li9nt from cne xenon arc wnicn passes tnrougn beam splitter 4, is div rted vertically
upward by a mirror 5 into a Iignt trap 6 of tne type described by Breneman. 1

A bright-line reticle 9 illuminated by lamp 7 .sna condenser 8 is iMdgOd via mirror 10,
lens 11, and beam splitter 12 ont~ tnQ vidicon. Tne reticle mount 1s proviaed with means
for centering tne reticle. Mirror 10 and beam splitters 4 ano 12 are neld on flexure
mounts to provide for ready alignment along Dotn axes, and condenser 3 is arrdngeo to
allow axial movement for focusing.

Current status dnd results

Tne manufacture of tne optical and video systems is complete. HO ndve mocked up these
systems in Cne ]aboratory, in tne exact scale ds tnoy w~uld be used in AntdreS, and found
that tne system nas a resolution of 2 urn over tnO instantaneous field and works very close
to tne nominal design pdramcters. Figure 14 and 15 snow tne actual pnotogrdpns of tne ‘
opticdl video system in tne laboratory MOCk-Up.

Conclusions and future work

From our experiments, we nave concluded tnat tne electro-optical system works according
to tno dOSign. we are in tne process of manufacturing tne mecn.snical pdrts
nope to do tne mccnanical integration in tne next tnree months. We nope to
wnole system in tnm Antdres laser in tne next six montns in time for tn~ target
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