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Alignment Telescope For Antares

Q. D, Appert, T. A. Suann, J. H. Hard, C. Hardesty, L. Uri9nt

University ~f California, Los Alamos National Laboratory
P.0, Box 1663, MS E523, Los Alamos, NM 87545

Abstrac:

The Antares Automatic Alignment System employs a specially designed telescope for
alignment of its laser Deamlines. Tnere are two telescopes in tne system, and since eacn
telescope 1s a primary alignment reference, stringent boresignt accuracy ana Stabillty over
tnc focus range were required. Optical and mechafllcal designs, whicn meet tnis requirement
as well as tnat of image quality over a wide wavelength band, are ciescribea. Special test
Lecnnlques for initial assembly and alignment of tne telescope are also presented.

Tne telescope, which nas a 180-mm aperture FK51-KZF2 type glass doublet oDjective,
requires a boreslgnt dccuracy of 2.8 urad bt two focal lengtns, ana abJect alstdnces
aerween 11 meters and inflnityc Travel of a smaller secondary doublet provides focus from
11 m to infinity wttn approximately 7.0 m effective focal lengtn, By fllpping in a tniro
CIOuDlet, tne OffeCtlVe focal lengtn is reduced to 2.5 m,

Telescope alignment was accomplished by uSiOg a rotary air bearing to es~ab)isn an axis
in front of tne system ana placing tne focus of d Laser Unequal Patn Interferometer (LUPI)
dt tne image plane.

Introauctlon

Tne Antares co~ laser facility, constructed for inertial confinem(!nt fusion
expertmants, employs an alignment system which Uz?s botn visiole dna infrdrea
wavelengths.1 Tne telescope in conduction witn a TV camera views point lignt sources
9pproprlately Iocdtea down dacn of 12 beam patns. Two telescopes are rgquired to aligrl two

oeamlines, each Deamiine consisting of 12 beam paths. A beam expanded C02 alt nment
ldsar is also aligned by tne telescope by viewing and allgning a tungsten illum ndtea!
pinhole in tne beam oxpandtiri

Beam alignment is accomplished by determining the centroias of tne imageo light sources
ana comcuter contrnl of appropriate mirror positioners. Figure 1 is a scnethtlc
representation of tne system snowing tne locacton of tne te)escopt wnicn provides tne
primary alignmant reftrenca for eacn beaml ino. Tne Cnoict in making tne celescopc d
primary reference eliminates the need for any other types of references in tne o~amline.
Making t~is cnoice adds some stringent requirements io tnose already existing as a result
of tne laser’s powered optics,

Severtl telescope optl:al designs were investigate arsa tne design described here was
se]ecced, fabricated, and tested. Tne deslfin provtdetl tne minimum numDer of optical
elements, maximum mcsuntinq tolerances, and minimum travel of optical elements to provide
tne focus rangao Tne detign forced some new and innovative lens mounting, focusing, and
tostlng tecnnlaues,

Telescope requirements

Tne basic requirement to provide Beam path centerin~ and angular dllgnment at crltlcal
potnts in the laser D&am pd.n resulted in the telescope requirements tahulatea below.

Aperture
LOl19t0
iiavelcngtn B4nd
Focus RJn9e

Focal Longtn

Resolution
Boresipn!

Trtnsmi!tance
Temporotvre

O.ltl m aiam unobscured
2.1 m
0.5 to 1.1 urn
11,6 m to infinity
(Stepper Motor 0riv4r)
7,8 m or 2,5 m constant
over focus ran e

!2.4 mr (7.6 m L)
7.2 mr (2,5 m FL)
50X tneorettcal limit MTF
2.8 Urta maam rddial aeviat ion
over focus rars9e
U.? cvor wtvelengtn band
70 :2-F (.)pe~atinti
10U F to 40 F Stort9e end Sntpptng
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TIIe resolution was requlrca over any

oDJects and a 152-mm-d lam area for nearer
sources were vietied tnrougn d 26-mm-square
tne telescope.

50-mm-diam area of tne aperture for infinite
objects, Tnls was oecause all critical lignt
aperture of tne laser located aoout 18 m from

Focusing and flip-ins are motor driven for control as part of an automatic system,
Eyepieces were prOVided for eye viewing witn a larger field of view tor tne purpose of
trouole snooting ana locating lignt sources.

Tile boresignt requirement amounted to 0.02 mm at tne v?aicol faceplate or
approximately one scan IIne. Tne camera was a Silicon vidicon provided wltn special
circuitry for scan raster position stability.

Optical design

Tne optical design is snown schematically in Figs. 2 ano J. Tne first ao~ulet nds
iJ.18-m aperture and 1,2-m focal Iengtn, Tne second douDlet nas a 3B-mm aperture and a
neyatlve 152-mm tocdl Iengtn. Tnese two doublets produce tne deslrea 7,8 m eftect ’ve
focal lengtn. A 152-mm travel of Lne small Oouolet provides focus over tne oDJecL range.

To ObLdin tne 2.5-m focal Iengtn, tne Small aouolet is moved torwara .?n aadltlondl
25 mm ana tnen a 64-mm aperture, 305-mm focal Iengtn douD]et is fllpped in to refocus 011
LIIe vio’icon. A 152-mm travel of tne secona douolet once again provides tocus over tne
required range. A fold mirror manually inserted dfter tne tnlrcl aouo)et turns tne image
to Lne Slae where four alflerent eyepieces pravide magniticatlon up to 31JOX. Tne LOLdi

Ienytn of tne telescope is 2.(I m,

Figure 4 snows Lne finlsnea optical assemD]y wltn tne fixed first clouDlet tul lowea Dy
tne secona aouDlet an a tocuslng air bedring $Iiue and tne tnird aouolet cn iLs fllp-lrl
mecnani sm.

“Apocnromatlc” douolets consisting of FK5.i ana KZF2 type y)aSS were used 111 dll cnree
cdses, Tne matcned partldl dlspersian af these glass types prav ided near dlttrdctlon
llmlLeu perfarmdnCe over trre Oraad wdvelengtn Odna wltn leSS tl)dn 1// wdve of prlmdry drlu
secondary color. Tne ‘elatively law pawer elements are fdlrly insensitive Lo wavefronl
p~rturDdtlons. Tne two maJor disadvantages of tne design are tne nign tnermal expdnslun
an” n)gn cost of the FK51. Tnls Idrge tnevmal expansion requires tpecldl processlny
canslderdLlons dnci Special mobnLlng techniques w,llcn W!II be deScrlDea in Lne rollowlny
sections.

T~IE uas)c rusolutlon requirement WdS Canverted to A/4 asynNIeLrlc dnd AIL s.vmmeLrlc
wavefroflt irre~ularlty, Tne tlgnter specification placed on tne dSyfllMetry wds done Lo
keep Ln< Image Centrold Centerea. In order Lo meei tne i.ti-urdu DLIre$lgnt Lulerdnce,
group Jecenter tolerances of 1.3 pm for all group motions dnd tdlecdcnt decenter stdollity
wltnln group$ 01 0.3 urn were requlrea. Tne calerdnce trn tne ~nltldl Plemenl-Lu-elemenL

aecenter stability wltnin groups is U.3 bm requlredc Tne talerance un tne Initial
elullldnt-tu-e lanlurlt dllgnlnen[ witnirl Llle aouD lets Is less tnar’ 100 um. In* U.J urn )s Lr,e
requtreu sLaDlllty after allynmant to meintaln tne Darsslgnl. Tne requt red trlnge
slaDlli Ly in tne DorHslynt dllynmerlt LesL, wnlcn 1s detLrlDr!,l Idter, 1$ 1.J trlllye$ aouble
lJdSS,

Mecnahl(dl aeslgn

lne Duretigl,t requirement or /.8 ~rdd and tne re~utred centrdL!url SLdUlll Lj Or 1/4 “rr

LIULween auuulet elements anu less tnall i! pm b?twperl dodu)els I)acl LU be held lur Iuny
periads uf uperdt ion o“er a temperd:Lre rdnge of ●2F. Al$u, l~e norr-uperdclhg
temperature range Wdb spot ltled to be 4U” to 10U”F, Tnese strlnyerlt requlreu,rllts
neccsiitdteu innovdttve mechanical aeSt9nS for )Cns llOUntS drrd mecndnlsrnsi

A 35 CIII IIY dub cm DY 3u.5 cm tnlck NewparL Resrarcn Lurpurdtlon, Stdel fdcad Ilunaycumu
LI” LICdl tabltr was selected as a support tur the telescope elements, T~ii tdble was
mou!lbed u 11 steel Ulfferentlal Jack screws providlny vertlcdl and ]dtJrd~ dUJUStmUnt LU

ll.i um resolution so tnat tne entire tvlescope assemuly cuula be dlfsnad wlleh instal]cd in
tna 4ntdres al lgnment system. lJplJll tnis cdDle here m9unttdU tne LnPew LIouIIlaL lens
dssemblles.

The tlrsL (uLIJccLlve) duublet lens a;semb]y was mountdd tn a unique tnln-walluu Ierls
bdrrel wnlcrl wab especial)j designed to Halcl tne reldtlveliy Iartie, knermally sent itlve
uuuti let elemetlts. Traaltiandl lens mount aasigns wwre uatermll,ed to De ulldcctptablt
because initial pre;vdd could not be ell uetermfr,e:, thus exposing tne uellcdce FK-51
uuublel wlemunc ta unnnawll stregte uver tne #lLlc non-uperdt iny temperature rantiu,
Flyure b !i d photograph uf tnls tssemuly dnd Figure 6 Ii d sketch Snowinw its key
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fddtures. Tne Beze.l.l. dre designed ns “lonq cylinaars” wnicn uncouple tne effects dt one
end from ne otner. Tne doublet elements are preloaded using a ‘force fit” into the
bezels. 1 I prelodd desired w&s Calculated to Oe 8.62 kg to assure specified performarlce
over the ok rating and stordge temperature rdnges. NO problems have oeen found with this
doslgn.

The secon,l (focusing) doublet lens dssemtr]y WdS mounted

llnear
on a stepper motor driven

alr-bedring to dchleve tne total 180-mm trdvel necessary to change focus,
Alr-De.dring alignment was acnieved by ddjUStlng wedges and a fleXUre jOiIIt. Flgu?e 7 is d
pnotogr~ph of this assembly. Tne drror bUdget for tnis assembly wds determined to be
approximately 1.3 urn, divided between Centration of the lens In its mount, adjustment of
tne slide, ano strdlgntness of the dir-oedring trdck.

The tnircl (fllp-to) doublet wds ITIOUnted on dn AC servo-motor-controlled “flip”
m~cnanlsm, using preloaded bedrings to move tne doublet in and out of tne opricdl pdtrr ds
required. Figures B and 9 SnOW CniS assembly in bOtlI tne ‘in” dnd “oLtH positions,
respectively. Tnis mecnantsm met !ts centration tolerance of 1.3 pm witn no difficulty.

Findlly, tne entire telescope assembly was fit with a protective cover, “Chimneys”
were installled to allow any nedt buildup in the motors to escape and . shutter wds
provided to protect tne objective lens assembly (telescope aperture) when not in use.

Opticdl assemoly dtld teSt

Testing tne Individual douDlets was the first step. Null :est,s were set up witn d
Ia$er unequal patn interferometer (LUPI) in the manner snown In Fig, 10. For tne large
oojective a flat could DQ used witn tne LUPI focus at tne focdl point of t~le doublet,
However, for the smaller doublets test plates were used dS mirrors to simulate tne
conjugates at wnlcn spherical aberration was minimum in oraer to qet d better test for tne
mort critical wedge and decentration tolerances.

Tna system assembly and test was set up as snown in Fig. 11 with all components
mounted on d Newport iso]at ton taola, A rotary air Oedring tilt Caole witn different
reference spneres placed on it was used to estsblisn an Opticdl dxis, A fold mirror aDove
Cne rotary table turns tne axis horizontal and a LUPI is poslttoned at tne far end of tne
teltscopec

Tn. alignment required severdl steps, First, tne LUPI 1s moved to thd center of
curvaturg of a 2.6-m concave sphere wnicn is on tne air bearing table. Tne telescope
structure less optics 1s posltiontd so tnat its eventual image plana coincides with the
LUPIo linen tho air baaring is rotated, tne ret Urn iMdge at “n~ LUPI moves in d CirCl@,
until tne spnero 1s aojustecl on the dir bea? ing sucn tnat tne c~nter of curvature of zne
sphere coincides with the axis of rotation. A final motion of tne LUPI is Mdde to ~otairl
a null fringe pattern so tnat the LUP1 1s on tne baaring arnis. Tnls 1s actudlly d

two-step proces$ in whicn tne image motion is fjrSt obSOrvOd Vi SUd])y and tnen findl
adjustments are made whilt observing the motion of tne fringe pattern in tnc LUPI, Tne
LUPI position 1s flneci for tne remdinder of tfrt te$t after a null fringe nds been ootdinea
wnlciI no longer moves with rothtion of tne bedr!ng, At tnis point an optical axis has
Dee” deftned.

Next, tfi~ first douDlet Is placed on tnt telescope, A convex sphere 1s placed on tne
dir ba~r~ng slid adjusted in neight tO PrOdIJC9 a r.dturfllmdgt dt tha LUPli The sphere 1s
positioned on tne axis of rotatiorr so that tna return Image stops movtng, Sinc~ tncre are
no ~gntration adjustments on the’ firSt group, tnt eltire telescope is moved norlzontally
and vertically USing differential ddjustmsnts on tnc lc9t to obtdin I? feit concentric
fringes, Tne concentric frtngas come from tne spnericdl aberration due to using tna flrsL
douolet at CICSQ COnJUgdtOS, Tnl$ positions tne first group on tne ref9rence datt,

Next, tne second group with its focusin~ Slldt is MOUfIted on the Structurt, A 1,2-m

convax Spntre it put on tne air D@drin9 and diSPldCed until the lmagc stops moving. Tnu
lens mount Cna track are focused and centered at tnis Potttion. A flot mirror 1s tnen
placeo on tne b~aring and tne process is repeated at tne opposlto end of the focus
travel. A few Iterations are reuuired to Qet both ●nds of tne focus trav@l aligned, A
23-m convex Sphera it uses to cneck tme middlt of tne focus sliac to verify stratgatnest.

Tne tnird douolet is mounted Wltn tne same iteration prCrCadIJrO. At tnls point tnc
optics dre all~ned witn tng air D4aring axis, The 2.8-prad tuleranc@ allow> Only 1.J
frin~e departure from symmetry for dll of tries? adjustments,

OnCO the LUPI, fola mirror, and alr bearing nav~ be~n rtmoved, tne TV cdmcr~ p)dCed
at tne image ,planei A point source in front of the telescope it moved until Its lmagei irl
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both tne 2.5 and ?.8-m focal length modes coincide, This point on tne TV is now on tne
previously oef ined optical axis.

Reference

1. C/. Appert, T. Swarm, W. Sweatt, A. Saxmdn, “Antares Automatic Beam Alignment System”,
SPIE 24tn Annual Technical Symposium, San Diego, California, July 28-Auyust 1, 1980.
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Fig. 1, Antares autom~tlc alignment system
schematic,
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Fiq, 2. Ootical schematic of telescope.

Fir+,4. Photo Of finishpd telescope loss
Qnclosurel
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Fig. 5. Objective Lens Assembly,

( I 1

/ / / / / /
)/ f / / / / /

Fig, 6. Lens Assetily,
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Fig. 7. Secondary Lens /IssemblY,
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Ffq. 9. “Flip-In” Lens As8@mbly -- OUT,
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F~q, 1(J, Individual IMublets Test Setup,
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Fiat 11. System Test Setup,


