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Antares Reference Talescopa System

V. K, Viswanatnan, E. Kaprelian,* T, Swann, J. Parkaer,
P. Wwolfe, G. woodfin, and 0. Knignew

University of California, Los Alamos National Laooratory
P.0. Bax 1663, MS E523, Los Alamos, NM 875845

Abstract

Antares 1is a 24-peam, 40-TW carbon-dioxide laser~fusion system currently nearing
completion at the Los Alamos National Laboratory. Tne 24 desms will De focusea onto a tiny
target (typically 300-1000 um in u1zmotor) locatea approximately at tne center of a 7,J)-m=
giameter oy 9.3)=mw=long vacuum (10=% torr) cnamber. Tne aesign godl is to position tne
targets to witnin 10 um of a selected nominal position, wnicn may o@ anywnere witnin a
fixea spnarica! ragion | cm in aiameter. Tne Antares Reference Telescooe System s
intenaed to halp achieve tnis goal for alignment and viewing of tne various tdrgets used
in tne laser systam. Tne Antares Raeference Telescope Sysiem consists of two similar
electro-optical systems pusitioned in a near orthogonal manner in tne target cnamder ared
of tne laser. Eacn of tnese consists of four subDsystems: 1) a fixdd 39X optical imaginy
suDsystem wnichn produces an imaga of tne target at tna viagicon; 2) & reticle projection
fuosystem wnicn superimposes an image of the reticle pattern &t tne vigicon; 3) an
agdjustanle front-lignting suosystem which illuminates tne terget; ana 4) an ardjustaole
pack-lignting subsystem wnicn also can D¢ used to illuminate the target.

Tne various optical, mecnanical, and vidicon design considerationt and treqe-offs are
giscussed. Tha final system cnosan (wnizn 13 baeing Duilt) and its current Status are
aescrived in detail.

]ntroduc:ion

Tne Antarss Reference Twlescope System {3 a complicated electro-optical-mecnanical
system wnase main purpose 1s to enadle targets wused in Antares Laser System to oe
positioned witnin 10 um of a Zelacted nominal position. The nominal position may Oe
dnywnere witnin a fixed spnerical region 1l c¢m in diameter, centered on tne center of tne
target cnamber. Tne optical sudsystems and the vidicon system nave bdeen manufacturea ana
testea, They conform to tnhe requirementt. The mechanical system 13 currently wyndgar
manufacture. In tnis article, tne optical, mecnanical, and video desiyns are discussed
dlong with tne various trade-offs. Thne reasons for tne choice of & particular aesign to
reacn optimym system parformance ara given., Tne axperimental results ootained so far are
stated ara tne current status |s descrided.

Q!!grigtion of the *ystem

Figure | snows the optical schnematic of the Antares Reference Telescops System. Tne
pasic subsystems 4are: &) thae 9X optical relay system wnich produces a 9% magnifieg image
of tne target at tne viaicon pheoto-catnode plune, D) tne front {)luminator wnicn I3
capaole of illumirating tne target from tna front s'ce witn var.aole size and intensity,
c) tne raticle projector wnich superimposes a4 reticle on tne image of tne target, and d}
the bec¢x illuminator to backifgnt the tarpat. Tna front and oack {lluminators are capadle
of peing operated eilner separataly or tngather. !n aadition, tnere i3 4 snutter wnicn
prevents target snhot debriu from reaching the ontical system and & lignt tiap wnicn
preveaty the !11nt passing tnrougn tne ueam splittar from tne front {lluminator returning
to tue ~focal plane 3f tne system, tneraby reducing tne contrast or aeven flooaing tne
vidicon., Figure 2 snows tne locations In tnhne Antares Target Cnamper 4area wners tne
reference talescopeas are to ne installea,

4] nicel ian ngigeration

The tnree general classes of reauirements imposed on the mecnanical design of tne
Reference Telascope System are:

1) Ortlcal requirements consisting of optical elemant mounting, structural stadtlity, and
precision positioning;

¢) Pnysical and environmental constraints resulting from the existing ouesign of tne
Antares Target Vacuulm Chamber 4nd tne “space frame™ mirror support structure; and

J) Constraints as \0 now remotu-control operations can ope implemented Déted 0N
compatinility witn eetanlisned Antares Controls System standards and proceduret.

*  Questar Corporation, P.0. 8ox C, New Hope, PA 1luvid
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In aadition to tne oovious requirements to provide mounting rfor all tne optical
componants of (ne telescope system, manual (setup) adjustments were needed Iin several
instances. Remots precision adjustments were needed for the following cases: 1) focus
adgjustmant for tna large 9X optical relay assemoly; 2) tnree axis d4qjustments for ¢tne
vigicon camara/reticle projector assemoly; 3) azimutn, elevation, ana focus adjustmants
for tne lens pair in tne pack f{lluminator; and 4) focus adjustment for the front
illuminator. [n addition, the mechancial structure nag to oe of sufficient stiffness 3o
that motor activators, target vacuum cnamber motion dguring pump-down, @tC. do not
appreciaply degrads tne optical performances.

Jpto-macnanical requirements

Pnysical and environmental requirements

Thne telescope system was recuired: 1) to De¢ attacned to the existing “space frame*
mirror support structure inside the Antares target vacuum cnamper; 2) to De aecoupled from
the chamber wall as mucnh as possiole (to limit tne forcas on tne telescope System wnigca
w0uld act to pusn it out of alignment due to the relative motion between tne “tpace frame"
ang tnhne target cnamber wall dyring tne vacuum pump-down); 3) to exit thne target vacuun
cnamoer at two specific ports of several pre-existing ports in tne cnamber wall; ana 4) to
nave tne minimum profila {in order to provide maximum solia angle availaple for tne otnar
target afagnostic systeams.

Tne vacuum anvironmeni of 10-6 torr necersitated tne use of |Ow outgassing matarials
ana an optical-quality vacuum window. (Que to generation of debris auring actual snaty on
target, a ‘'bDlast® snutter to protect tne optical elements of tne tealescope system Was al3o
requirea.

Controls requirements

Tne complex Antares controls system, usea for precitifon remste ojustments and otner
controls functions like tne closing of tne shutter, turning on and off tne lignt sources,
etc., imposea certain guidelines, wnicnh nad to be followed to ensure compatioiiity bDetweaer
the telescope s3system and the controls system computear. For example, tnaese guiae)inas
limitea tne cnoice of types of motors used, estadlisned the need for feeddback/verification
of various operations, etc.

Description of the major mecnarical subassemn!ies

Figure ¢ 3nows tne relative locations of the subassemblies in the target vacuum chambder.
Tnese subDassemdiies are discussen delo.

9X opt) al reldy avsennly '

Tne 9X Optical Relay Assemdly 13 snown installed in its nousing in Figure 3. The 99X
Jptical Relay Assemdly itsalf consists of an aluminum tuoe 20,5 ¢ in diameter ang 240.0
cm long., it one end 4@ mounted tha two doublet objective lenses and in the otner ena i3
tne negative doudlet (Baslow) lens. Tnis negative lens is mounteu SO that 1t can 02
marudlly aajusted to be on=4xis with the objective lans. At a digtance 95,25 ¢m from tne
front of tne tude , at cpproximntcl{ the center-of-gravity, {is a mountirg flange anicn 15
precision macnined to oe perpendicular to tne optical axis witnin #0.% millirgatan. Tnis
mountiny flange attacnes to & stiffened structure wnich mounts open prllow DlOCK Dedrings
at four planes to 4 leincn diameter precision iinesar shafting.

Focus pesitiuning of tne 9X Optical Relay Assemoly is achieved D0y actuation naf @
dU0-stap/revolution stepper motor driven tnrougn a 10:]l rignt-angle worm-geer scCrewajack,
A step resolution of 3 um results. Lateral movement of focus due to tolerances In
s:rc!gnt?tll of tne shafting, mount.ng, and alignmant nave Deen estimated «t ).% um per cm
of travel.

Telesccpe nouging

The telescope nousing 1s also snown in Figure 3. It consigte or 4 vacuumatiynt welded
alyminum pox witn 4 removadle access cover surrounding the 9X relay optics focus
d4djustment mecnanism witn aluminum flanged pipe attached to both ends for anclosing the
rematnaer of tha 9X relay ontics etsamoly. Tne forwara tube (closest to tne target)
support. an optical-quality vacuum window and ity protective snutter, The rear tubde
4atenas tnrougn \ne vacuum champer wall and provides for attachment to tre [nstrument
Pacrage Asgsembly, Tnis tube 19 sealed to tne tcr*.: vacuum cnamoer (TVC) tnrough a4 welded
oellows assemdly. The flanqQed jJoint approximately two-tniras of the wdy aleng tne redr
tude 18 4 fedture to 410 in installation and servicing of tne talescupe.
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“Space-fram:" attacnment”

Tne central pox structure of ‘e telescope nousin? assemoly attacnes to tne existing
airror support “space frame* ais 1bly tnrougn & weldec ana polted structure, Coarse
manual positioning aajustments are provided to aia in initial setup positioning of tna
telescopes.

Ingtrument package

Tne instrument package wnicn is snown in Figure 4, attacnes to the rear flange of tne
tealescope nousing assembly (external to tne TVC). [t consists of a welgead aluminum
structure to wnicn are attacned tne vidicon camera, reticle projector, front illuminator
(ana 1ts lignt trap), and two beam splitters.

Tne tude fiace of tne vigicon camera is mounted at tre focal plane of tnhe telascope.
The reticle projecior is mounted on tne same structure as tne viaicon camera. Tnese items
are, 1in turn, mounted to & motorized X,Y,I translator assamdly to provide remota
positioning of tne camera ana raeticle projector in tre focal plane of tne telescore.

The front flluminator xenon arc lignt source is able to fill tne pupil of tne telescope
for front {lluminatior of the ctarget. The lignt 1s inserted thnrougn & 59/50
osamsplitter. Trangmitted lignt is reflected into a lignt trap to minimize lignt raeturn
to tne vidicon camera. The front {lluminagtor is mounted on a transiation stage for remote
focus adjustment capadbility.

Rear jllumination system

Tne Rear [llumination System consists of two lignt projectors, snown in Figure §,
mounted extarnal to tnea TVC. Lignt from tnese projectors passes tnrough windows in tne
chamoer 4and is reflected off mirrors wnicn direct tne lignt tnrough tne target location
into tne two nearly ortnogonal telescopes.

Tne lignt projectors tnemselves consist of a nigh-intensity projector buid ana lens
pair for airecting tne lignt to the target. Tne lens pair is mountea in a motorizeg
positioner permitting control of azimutn, elevation, and focus 3o that target illumination
can De optimized remotaly.

Qescription 4nd video designs

na analysis of tne optical

l. Basi¢c congiderations

Tne specification calls for an optical syttem wnicn produces & YX (=9X) linear
mignification with tne constraint tnhnat tne snort conjugate aistance, snall oe adou: 40
facnes 4ana that tne apartures of the system snall not exceed 4apout 7 incnes in diameter.
Tais immedjately estabiisnes tne numerical aperture at the odject to De adout .08/5,

To meet & resolution requirement of 5 um at the object plane, we nave set a goal of 30
parcent response at tne rpatial frequency of 200 mm-l, Hence, we are aealing wiilh 4
aifrraction limiten system with cut-off frequency aoou®t 38/3 times 200 mm=l, or 333
am=i, Thne following tadble snows the cut-off frequency and the 30 percent responso
frequency for an f8.72 diffraction limited system as a function of wavelengtn a:

TABLE |

A(um) Cut-off FroTucncy JG% Responsa at
0.9 194 mm=- 117 mm=
0.3 218 131

0.7 250 150

0.6 291 174

V.5 34y 2l

0.82% 3N 200

Tnis suggests that we shoula not permit the system to pass much lignt witn wavelengtn
in excess o 52um = ,33um,

The television criteria can be summartzed as follows: The required resolution at thne
vigicon 13 48 um, the m'aimum spectral sensitivity to be availanle iIn tne 0,%-ym region,
the 1nar| ragion of {(nterest to oe l.B8-cm didmeter, any the system to nave stanaara 529
Iine 211 interface for compatioflity with tne Antares video systam,
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2. Selection of vidicon:

a) Rasolution requirement:

For 2 resoiution element size of & mm, the resolution N in line-pairs/millimeter is
N = 1/6 = 1;45x10°6 o 22.2 line-pairs/mm at the vidicon photo-cathode. Thi- 1is
aquivalent to 200 line-pairs/mm at the object plane.

D) Available vertical resolution:

About 35 of the 525 scan lines are used for controlling tne raster, and tne remainin
a0 not provide continual coverage of the image space. The ratio of tn¢c minimum vertica
resolution to tnit of tne line spacing s usyally about 1.4 (the reciprocal of 1.4 or 0.7
betng known as the Lell factor). The vertical resolution, tnen, is avout 340 lines- for
monochrome TV, regardless of tne size of the vidicon usaed.

However, tne avallable resolution in 1p/mm will depend on tnhne vidicon size, 4s will De
shown, A standard raster nas a neignt-to-width ratio of 3:4. Tne raster diameter d will
be 8, 16, or 24 mm for a l/2-, l-, and | 1/2-inch vidicon respectively. Tne availadle
vertical =esolution, for a 525-11ne system would De:

a;(nn) N ;{plmn)
16 35
24 o2

All these cases meet tne resolution requirements.

c) Avairlable norizontal resnlution:

Recallingl tnat one line-pair 1is 2 TV lines, ind tne television industry custom of
rating vidicons {n *TY lines/picture neignt," we have for a 3:4 raster, tne relation,

N (lp/mm) @ N(TV)/l.2 d .

Thus we can tabulate for a 1000-TV/pn line vidicon, the following resolution values:

N (lp/mm)
dy(=m) ] percent M.T.F 50 percent v, T.F
8 104 45
16 £2 22
24 33 15

Recalling tnat a "1000-TV line vidicon* would typically nave J percent MTF !t the
Cut-0of* resolution valuas, the more meaningful values for 50 percent MTF at 430 TV
lines/picture naignt for resolution are also tabulated.

a) Gonclusions:

from thne ddove considerations, we can sonclude tnat a l-incn viaicon capable of 1000 TV
lines/picture neignt s preferadla for the current application. Figure 6 1nows tne
expentad MTF in the orject plane for the optical system, tne 1000-line vidicon, and for
tha compined systam.

The Chalnicon by Tosnipba (availad) from Hammamatsu as vidicon N1453) nus a nign
responsivity of 0.38 amp/watt at 4980A, Tnis vidicon 13 availabdle ip a megtum=nign
resolution version, rated at 800 TV lines/pictura neignt, Howaver, tne rating is very
consrrvative. Thna rated MTF {s 90 percent at 430 TV lines/picture netgnt or 22 l.p./mm.
Hetce, thnis 18 the tube of choice.

The pictura size of the vidicon tube planned for use with this system is 9.8 mm by 12.7
mm. At 9X reduction, tnis means tnat :ne largest spnerical object tnat could be wnolly
encompassed in the field of view of & single picture is one with 1.0687-mm Jiametesr.
However, tne machanical system can scan a f-mm-diameter object fiela, and the optical
system deuwign provides 9ood image quality over tnis filaeld,

3, Qput.al Design Anglygis

Relative to the various design 4approaches considared, we should first mention
refractors ve reflectors. Tha troud.e with refractors is, of course, secondary color. We
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nave already mentioned what we consider to be a fairly severe limitation on tne
parmissinole wavelength band jiven Dby the resolution requirement. Tnis alone makaes an
dll-reflector cystem much less attractive tnan it would be for a non-imaging requirement,
for exasple. Further, the conf1?urction|l constraints (tne systam must fit totally insiqe
4@ 7 1l/2-inch~diameter pipe) militates against an alli-reflector system, bDecause fucn 2
tystem would necessarily nava a central obscuration of the pupil.

A system using some refractory elements and some reflecting elements was also
considersd. A refracting alement would be placed as close to tha object as possible to
gatner lignt from tne objuact at tne largest possihbla numerical sperture, This element
woula then feed lignt to a reflector system in some wdy, possibly with other refractor
elements, to provide tne required 9X magnification and tne required cverall length. Tnis
is a feasible approacn, pbut it presents a very small advantage witn regard to secondary
spectrum DbDecause @08t of the power in the system must be put in the first refracting
element. Furtner, the reflecting elements introduce nigher lignt losses and also have an
obscuration 1in tne pup'l. The disadvantages of this system, particularly 1its extra
complexity, are substant‘al, and the advantages marginal. so we ruleg it out.

An all=refracting system was Selected. [f *11 of tne power 1in such a system is
concentrated at one group of lenses near thu window at tha closest allowaDle agistance from
the object, we do not get anywnhere near the required 9X magnification., It 13 necessary to

use 4 “telepnoto” approach to get -9X lirear magnification in the space given.

Our ocesign consists of a cementec doudlet of 1425.8-mm focal lengtn located
dpproximately one meter from tha odject. This doublet does not quite collimate the lignt
and is followed Dy 4 3%econd cemented doudblet of 1613.9-am focal lengtn. Tnis second
doudblet s:ron,ly converges the light toward the telepnoto element wnisn weakens tne
ﬁonvcrgcnco of the lignt to that required for 9X magnification and the desired image

ocation,

We now gxaming tnhne matter of secondary color ysing what we consider to be tne praferred
design approach. We do not consiaqer it practical to u%e 4an apocnromat approacn. [t
requires tnree different glass types, at least one of whicn must oe “unusual®™ ang
consaquently costly, and the individual element powers are much larger tnan for achromatic
correction wit . consequent increase in cpnerochromatism (unless one of the glasses is very
unusual ana very aexpensive, fluorite for example, and not at all practice)l for a large
diameter system),

I[f consideration of performance and coOst turn us away from "full apocnromatic
correction, tnen the only advantage of partial apochromatic correction - such &s would De
provided by the use Oof 4&n unusual glass, a short flint, or a pnospnata crown, in a simpla
doublet - would be to .'low & gsomewnat larger bandwidth region for illumination an¢
imaging. The secondary color expressed 43 a vave aderration.varies as ne fourtn power of
the wavelength difference from the design wavalength. If a certain wave aberration
tpecifies tna 4allowadle limit of secondary color, then if we nalve tne value of tne
secondary color by using a spesial glass, we could increase vae 3pectral dandwidtn of our
tystem bf only 19 percent. nis hardly seems wortn it. We nave, tnerefore, chosen to use
common glasses n our denign.

The question of the ulable wavelengtn band 13 estimated oy tne following falculations.
Por a diffraction limited system, tha secondary color expressed as a wave aderration
v|r1:u with wavelengtn as tne fourtn power of wavelengtn diffarence from tne design
wavelengtn,

P (A) @ a (A=4980)4 wavelangtns .
We will ghow later thne performance data on our system, and at \=4750A ana r=5150%, tae

seconaary color is approximately 1/2 wavelengtn., The MTF for many incremunta! wavelengin
bands {8 found by adding the responses (averaging) for eacn small interval,

- 1
H ® msoawan /"(‘) dl [
A =)
1 0
0
Sacundary color 13 a defaect of focus, and the MTF for an out-of-focus condition varies

4t tix=tentns of cytoff appruximately as
M (A) m .29 = P€ (2), P in wavelengths .
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Tnis is not a derivea formula, it is merely astimated from publisnea grapns aof tne MTF
of a parfect system witn focus error in varying amounts. We may tnen write:

P(2) = .29 - (3.125 x 10-10) (a - 4950)4

A
- 1 -20 8
H W e o - - [.29 -( 9-766 X 10 (x - 4950) ] dl
(a* - 4950)
4950

a .29 - (1.085 x 10-20) (a - 4950)8 .

I[f we allow aour system to be degraded py secondary color to 0.8 of its tneoretical
maximum, 1.e. to 0.23, then we find » =« 220 ; or, since we nave approximate symmetry of
thnese arguments around the design wavelengtn, x 440A pand is acceptapie. Using all tne
same approximations, a spectral bandwidth of 370A would degrade the performancea of the
system only to .95 of its tneoretical maximum, truly negligibla.

4. lllumination requirements

[t 13 necessary to design the systam in order to nave tne data for a reasonadle lamp
choice, condenser aesign, and i{llumination calculations. The aperture stop of our system
is located at tne syrface of tne iens element nearest tne ooject. Tne exit pupil of tng
system (also the entrance pupil, at least for tne illumination system) 1is locatad 1497 mm
from tne 1image (vidicon target) and has & diamater of 24 mm. Tnis must pe fillea witn
lignt, as must a 45-mm-diametar plane at tne image. The condenser system is placed in thne
vicinity of tne image point (actually a point conjugate to tne image witn respect to a
oeam splitter plane mirror), ana an image of tne lignt source formed at tne pupil in tne
conventignal manner for projectors. We want Lo avoid very large magnifications for the
condensar system, and yet we must nave a very hign radiance sourca - incompatiple
requirements. We nave salected an Qsram snort-arc¢ xanon lamp of 450 W rated power. The
average luminance {5 given as 350 cd/mme and tne arc size as 0.9 Dy 2.7 mm. We usa only
dbout 2/3 the length of the arc alongside itself to yield an effective source size of
apout 1.8 mm diameter. This requires condensers giving 13 1/3 times magnificacion. We
were unadle to find a stock cundenter system wnicn was sufficiently waell correctea for the
necessary conjugates, A two-element pyrex condenser was gesigned for tnl!s purpose.

We nave aestimated tne radiance of the lamp tnat we selected Dy using tne average
luminance figure given by OSRAM, JS0 cd/mmé and performing a numerical integration to
arrive at 2 radiance tigure for the arc witnin tne visible spectral pand. Tne xenon arc
has a relatively constant radiance per unit spectral band tnrougnout {ts aentire emission
oand., wWnat we did witnh this numerical interpretation was to estimate the value of tnis
constant, witnin our 440A region we e3timata tha average ranianca of tna arc to be 20
W/cmésr. Qur actual source consists of tne arc and an image of tne arc. The image of
the arc cannot D& as bdright as the arc because of reflection losses and because of salf
absorption aefrects. [t may be 60 percent as brignt, $o our net average radiance figure
for tne source 13 16 wW/cmisgr, On tne way to the target we estimate tne losses as
follows: the condensers nave four dir-to-glass surfaces wnich we assumea to De coated witn
single-layer MgF; anti-reflection coatings, 0.9224 transmittanca. A atelectric oDeam
splitter nas 0.5 raeaflectance The alements of our telescope syttem nave nign efficiency
coa:in?s, and there 4&re eignt air-to-glass surfaces, 0.9607 transmittance. Tne naet
transmittance of the system illuminating the object i3 0.44. The numerical aperture at
the odject 13 .09, 30 the irradiance of tne odject by tne 1lluminating system ts

v * (,09)2 » .44 % 16 = 0.18 W/cmd

The reflectance of the oDject we nave takan as .05, 3o tne raaiance of tne oD)ect 1%
(1f we pretend it {3 a plane surface) i3

0.18/x * .05 @ .0029 W/cminr

Coming Dack througn tne systam, we Nave tne same elign. air-to-glass surfaces witn
0.9607 ctransmittance, the dielactric beam splitter with 0.5 transmittance, & sacona bDeam
1plitter for tne reticle projecturs with 0.96 transmittance, and a oand-pass filter with
0.8 ctransrittance. The net transmittance 1t 0.37. Tne numerical apertuce at thne
Hamamatsu N1463 vidicon is .0l, 30 the irradiance of the target i3

¢ " (L01)2 % (37 * 0,0029 = 337 x 10-9 Wjem?
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tivity of tng detector is .38 A/W in the spectral pand of interest, so for a

of 1.22 cmé, the signal current will pe 156 nA. Tnis is well up an tne
ar cnaracteristic of tne vidicon. [t may be compared to a dark current of 1
dlow the “typical® operating cnaractaristics of 200 nA.

fance requirement was also calculated in a separate fasnion. At tne limiting
4TF = .03 to .05 typically. Here, tne SNR (signal to noise ratio, » 1.2. Tne
idicon TV system i3 estapblisned oy thne video input system. A very good video
nave an eqQuivalent noise input of about 6 nA., [f SNR limiting « 1.2, tnen
w 1.2 x 6 NA e« 7.2 nA. Tnen, for MTF = 1.0, Isig « 1limiting/.04 = 180
Ire ¢ = .38 amp/watt, A = 1.22 cm@ . Then

=9 u/an_.

@ that bora metnods result in values wnich are in reasonabls agreement witn

)erformance data

7 are snown the relationsnips between tne design field (5 mm diameter at
vidicon fiald (wnicn can mecnanically scan tne design fiald), and the tnree
for wnich ray-trace data are presentaed.

8 are shown the lens aberrations based upon ray=-tracing The data are fxr
eld points mentioned and for the three wavelengtns, 4750&. 49508, ang 5150A.

in tha form of wave-aderration curves., [t is reasonaple to say that the
'\ aberration except secondary color and a small amount of primary celor.

o

is calculated on tne basis of three colors of lignt. A 370A pand_centered at
considered to bDe adequately roprcsnntxa by tne_data for i e 4950A. Tnjs was
the previous section., Bands from 4730A to 47}53 and frop 5135A to S170A were
» be sampled Dy data at wavelengths of 4750A and 5150A, respectively. Tne
was weignted .84 ana the other bands .08, corresponding to their respective
n consideration of the constancy of thq lignt source spectral content. The
re calculatad using 0. S. Grey's "Quick MTF* features 1in nis optics
program,

snows tne MTF amplituae at 200 mm=l fur various focal positions. Tne salid
, to field point 1, tne snort-dasn curve tc tne tangential response at field
the long-ddash curve to the tangential response field point J.

snows the MTF calculated as descrioed above. Tne full curve is for tne axial
dasned curve for tne tangential field at field point J - the worst casa.

| speculations ¢

e nature of tnhe entire “scene” tnat tne 9X magnification system will oe
$ Dbeen a matter of some concern. Tnhnere ore few natural objects witn
¢ low as S5 percent. This in itself 183 of no concern. Wa may still nave a
trast scene if tne Dackground nks zero radiance and {f tne optical system nas
ignt. An optical system with 5 percent veiling glare, nowaver, i3 a fairly
ind quite acceptable for most purposes. We know %1ttlc apout tnhe background
I tha 5 paercent reflectance odject 1is to be viewsd, dut from wnat we sae

ove all configuration, the object is inside a body wnhich may assume some of
s of an integrating spnere 1into wnich a ratner intense lignt i3 Dbeing
- must do all we can to minimize stray lignt within tne optical system. I[f
4- is too oright, we will oDserve the obJject as dark against it, presumabdly.
isume, 1n any evant, tnat wa will De dealing with a very low contrast target

ability of random, low-contrast detall by an optical system is proportional
e" under the MTF gsolid. There may De studies relating tne MTF of an optical
e anility of a numan to point tne system at tne center of a low-contrast
e know of rone. [t 1s quite possidble that an image fairly tadly degraded oy
or can be centered in tne field of viaw Jjust as well as a mucn superiar
18 trua oniy 1f tha low=contrast object remains easily detectadle. We 8noOw
an estimate of what tnhne MTF would look l1ike with a 7S50A pandpass filtaer.
ignt would still be contained in & gooa cors, 30 tnere is still some response
(prooadly really a bit less than shown oecause the reduced cutoff at longer
48 not opeen tahken into account {in the estimate given). Tnis oandwidtn woula
con signal current adbove the “typical" operating value, 30 tners is no point
§ lerger speactral pandwidtns. It seems advisadle to try two or tnree
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different filters under experimental trials to determine the Dest spectral nanuuidtn undar
the actual ccnditions of use._, Tne range of spectral bandwidtns witnin wnicn an optimum
may lie is rougnly 440& to 7403. cantered at A = %330A.

In observing Figure 9, note that tne response at 200 mm-l nas a fairly snarp peak,
i.e. the deptn-of-focus is rather small. This means rathar fine focusing may de¢ requirea,
but not necessarily, since tne object itself 1is ‘spnerical and nas a depth tnat 1s many
times the dept-of-focus of the optical syster

The 9X lans system, wnicn is properly classifiaple as a microscope opnjective, is snown
diagrammatically in Figure 12, togeather with construction data.

The optical system

The entire system is snown scnematically in Figure 13, Lignt from the 450-W xenon lamp
is collected by condansar 3 and reflected oy beamspliitter 4 through tne 9X lens system to
tne target (not snown). After raeflection from the target, the lignt returns tnrougn tne
9X lens system, througn peam splitters 4 and 12 and tnrough the wave-band filter 13 to tne
vidgicon.

Lignt from tne xenon arc whicn passes tnrough beam splitter 4, is div%rted vertically
upward by a mirror 5 into a lignt trap 6 of thne type descridbed by Breneman.

A brignt-line reticle 9 illuminated by lamp 7 and condenser 8 is imaged via mirror 10,
lans 11, and beam splitter 12 onto tne vidicon., The reticle mount is provided witn means
for centering tne reticle. Mirror 10 and beam splitters 4 ang 12 are neld on flexure
mounts to provide for ready alignment along both axes, and condenser 3 {s arrangea to
allow axial movemant for focusing.

Current status and results

The manufacture of the optical and video systems is complate. We nava mockad up tnese
systems in the laboratory, in the axact scale as tney would pe used in Antares, anda founc
that the system nas a resolution of 2 um over the instantaneous field and works very close
to the nominal design parameters. Figure 14 and 15 snow tne actual pnotograpns of tne
optical video system in tne laporatory mock-up.

Conclusions and future work

From our experiments, we nave concluded tnat the electro-optical systam works according
to the design. wWa are in tne process of maunufacturing the mecnanical parts needead and
nope to do tne mechanical integration in tnhne next three months. We nope to install tne
wnole system in the Antares laser in tne next six montns in time for tne target snots.
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Optical system

Fig. 15.

Optical video system



