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ABSTRACT 

Kite is sjst(,rrl 11 \el testbrd for the External LIetrology Systerri of the Space Interfc~roillctry iLIis\ioii 
(SILI) r11e Extenla1 Sletrology Systern is used to track tbc fiduci~ls that alc locntrcl , ~ t  the ccntcrs 
of thcl irltcrferoiuet er's sitlc~rostats. The relative. dlanges in their positions rleeds to br t~.ackcd to teris 
of pico~nc.tcr\ 111 ordei to corrrc t for tlieriilal tlcforiii;~tioiii hrld a t t i t l~de  t11angt.s of tllc spacaet rdft. 
Brc.auic. o f  tho riel~tl for such high prcclsioi~ nledsurriiients. tlle Kite testbcd was builti to test b o t l ~  
the I I I P ~  rology gdilgey m d  0111 ability to optical11 iiiotlt~l tlir> systerrl a t  these levels Tlic Kitc testhetl 
is an ovc~r-cc~ristr~\ii~t \\stel11 where 6 length5 are measmed, but only 5 are rleedcd to clc~terrnine the 
s\steiii. Tlic, agr~elrierlt iri t l ~ c  o\ror-coilstrained lerlgtli ~ ~ c c ~ d s  to be on the ordcr of 130 pln for the SILI 
IZ'irl(~-,2nglr~ o1)sei~ iiig sc c,ii;irio drld 8 pm for the, Nlirro\v-Angle observirig yc-c,rinrio. JITe dernor~stiatr, 
that n.c\ l.i;i\c 1111.t tho IZ'ic-le-Anglc goti1 with o11r c-urrent set up. For tllr Yarrow-Angle c.a\c, me liavc 
onl\i r tlacliet l t hc goal f o ~  011-axis obser vatioris. 11;. tlrscr i l ~ e  t he testl~etl irrl~)rovei~lrnt s t Ildt have bcr,il 
mndc. binc? our ni~t ial  ~esul t s .  and outline the future Kitc changes that n ill atltl filrtl-1c.1 effects that 
SIl1 facry ill oidci to make the testbetl liiore SIA1 like 
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1. INTRODUCTION 

-The. Extcrii~tl lIcti olog\ Sensor is needrd to rrl<ltr> the base lint. tliariges between the guitlr aiicl sinc~> 
iiitcrfcron~etcrs of ~ 1 1 1 . '  It', duty i5 to correct for the fact that we are tillable to keep a struc.tarr 
s tal~le tlouii to ~ ~ i c  o-rrlcter levels. If u.(> co~iltl do that. ant1 articulate optics ;~ronricl d \,ertex clcfincd 
to the picoll1ctr.r lovel. the Lxtcr~ial iLIctrologr Seilsor \vould riot bc needed. Since. that'<, not f(3asible. 
wc. l l ~ \ ( l  to (oiiteri,l with iriorc reasonable inotions on the order of iriic-rons arid insteat1 irieasurr thc 
rr~otionh ant1 c 0rrt.t t for thern. Thcsc rriotio~~s are due to both temperature drifts ailcl art iciildtiorls of 
the siclcrc)stnt\ The Extcrrial hletrology sensor itsc)lf has irriperfections that cause nario-rnctcr 11.vrl 
effects. ~vllic 11 ill t ilrn nerd to bc corrected by ilsirrg a rdv-t race model ill ordcr to get clown to tlic 
picoliicst cr 1~vt.l r e(j ~iirc~rilcrit. 

?'lie maio c.oni;~oncnt~s of  the External 3Ittrology Systeli~ arc fiducials. w h i d ~  ticfin(> the hwsrline 
vrctors. wlid riletrology gauges. which measnrc tho lcrlgtl~s between t,hc fiducials. On SIlI ,  tlicrc will 
1)e six fidll(.iiils. Four of t11('sc: are do11111e corii(1r ('1111~s. that is, the>- are 1)ac.k to 1)ac.k ( ~ o r ~ i r r  ('111)~s 
wit,ii \,c?rtic.cs of or(l(.r tc.11 ruic~roiis apart;  and they are located at tllc centers of thc sidt,rostats. 'l'wo 
of tlic: fitlllcials ;irr t,riplv c.oriier cubes. with vrrtic,es again of ortler ten niicror~s apart,: ;31itl tlir+ie are 

F111.thrr nutl~or illformation: (Se~~tl  correspolldence tu  F.G.D.) 
F.G.U.:  E-lil;iil: f(l<~Lx~ns c~~pl.iiasa.gu~- 



locntrtl a t  t hc intersectioii o f  t h r  gr~idr-star light pat 11s. I11 total. t l i c ~ r  arc 19 gaugw. w h c r ~  several o f  
them wr rrdmldant, ohs~rv i r~g  t11r fid~ri~~l-tc-fi(l~~rii~l tlistanc-es. -l7lii:, will form a 3D ovcr-eonstrai~~rtl 
syst,crri. which will bc 11sctI to solve the fiducial rnotions. Thra ~rioliorls will 1)s I~at~tlrrl  over to t l ir  
stellar ir~trl-fcroiiitt rr as ic corrctmtio~~ to t hr rlelay 1i11r rnrasurPrlIctlt,s. Tlir Kite test bctl is a 3 111etc.r 
long planar vcrsioxl of s11c11 a metrology truss. placed irlsidc a v;trIIlun ta l~k .  Si11r.r t,Elere is rio ir11,rn~al 
rn~trologr;, Kite orily wru-rir~s nI,o~lt s c l f - r : o ~ ~ s i : , t r ~ ~ ~  I)etrvtlr*r~ t11v ~ R I I ~ P S .  7'11js 2D version lias folly 
fidutials r n ~ n s ~ ~ r e r l  by six gnllgrs. The scl~r~riatic. 1ayo11t of t t ~ c  t c,:,t-l,c~cl is showtt i l l  F ~ E .  I . Tht. t,cstl)c~d 

Figure 1. SrIlrrilatic of tEw Kitr lnyollt. Thcl art ilal Figure 2. ltnagc of thcl I i i t ~  trstl>rtl. t;tktw froini I x -  
systr~n has a 1o11gcr ~ s p r r t  ratio. I ~ u t  tlic x t . c l l ~  IIAH I,rrn hirld tlip I'CCI nll{l facitig t l ~ r  ACC. The l~rigl~trst spot 
char~g~(I t o  rnnkr thr iningc ~norr  rlmr. is thc flnslt h - t l t ~  t,hr raiilvr:~ rcat rtr-l+rflm-ting i~~sirle t I I V  

hCC' ror~irr rulw. Tlic Ilrigt~t spot to tht, Itnv~r right 
of i t  i.; t hr flash rt.tro-rt~llrrti11g frolri o w  of t llr rorritar 
r111)cs or I llr triplrs. 

7 
11~s bee11 1lcscri1)rtl in detail Ilv R. Yrmat i . '  

$111 hiis l V i ( 1 ~  i111~1 X a r r u ~ v - A ~ ~ g l ~  ol>servi~y, ~r ioc l~ .  IYe sIi;111 fi~*st, ~lrscri l )<~ tlw ~ O ~ I I ~ P K ,  ' l ' l l ~  

Il'iclc-A~iglr oI)srrvinp, sr1qitt~rtc-c. is r l x t ~ l  for c . o ~ ~ ~ p l r t r  sky sprvay:,. whirh are d o ~ l r  ill a tile likt, f:lsllion. 



Each tile is fiftec.ri clegrccs ill dialneter. during which tlie guide illterferonieters stay lockrxtl on t,hc gliitlt: 
stars wkiile talle sciciice interfcrorrieter articulates t,o t , l~e differerit target ttricl ref(~rcncr stars. Duriiig 
this tilc observation, the spacecraft is kept as stationary as possible. I11 l~etween tiles. tlu. spac,rxc.raft is 
xrticillatetl a1ic1 r i ~ w  ggllide st,ars are acquired. The entire tilc observing seylleilcc is expec.t,cd to take oti 
t l ~ c  ortfer of onrl hour. Kite therefor has an equivalent \Vide-Angle observing sccrrario. wt~crr  the L4CC 
fiduc.ial is artic'ula~ ed over ari eqi~ivaleiit field. Lye show that sequence. the data t111tl thc la.t,est results 
ill Src. 

The1 Ka~.row-Auglc ~liode is dcsigned for t,argets of  interest, to whicli rrlorc time will 1)c detlicatccl 
t,llaii i ~ r  t,l~c, IVide Aliglc case. Hericc tlie target star is rlieas~lred wit11 rcspect to st3vrral rc~fercrice st.ar's. 
As iiiucli as 20 t irl~cs irrore t,inie is spend on a target as in the \Vide-Angle casc lea.ding ~ , I I  significantly 
irrrprovc~tl accxrac!.. L\"e slrow Kite's equimleiit nieasurcrnerit sequelice and t,he results of our on-axis 
(:asp in Sf.(:. . 

As ~nc>ut ioned ear.1it.r. Kite rrieasurrs self consistericy arriongst tlie gauges. That is. wc. (,onsitlei tlir 
lon,y~st leligtll a l),-lse-lii~e like quantit,y which in our case is act,ually measurcd directly by onc of t 11c 
gauges. r~ t~r~~t>l ;v  Leg 2. \\ye use the ot,lrer five gauges to predict tliis lc.ngtll wnd t11t.n s~ i l~ r l~ac t  the t,n~o. 
Tlic. algebra is straigl~tforward and goes as follows. Followilig tlw schelliatic from Fig. . i~ place the 
c~oorcliii~ttc~ systclri 011 the TCIC-1 fiducial. wit11 the X-axis going throug11 the sec:olrtl fiducit~l. \\?I labcl 
the fidll~ial ( . ~ o r d i ~ i i ~ t  PS as: (5". yo) ,  (.rl  . ,y1 ) .  ( ~ 2 .  !k2). (.r:(, y3) itild t>lie leg 11cligt,h as { I , .  xvhc\re i rllris froin 
1 t l i roi~gl~ 6. For c~orivenicnce. we place our coordinate systeiri a t  oiic of the triplcs: ( I : ( , .  yo) = (0,O). 
By solvilrg fol. tlrv top alicl I~ot~torn t,rianglcs iricieprndently usiiig the t,op aritl bottonr 1eny;tlrs. wc. have: 

Frorri t hi\. t l1c. prc~lictc~l  lcngtli between the top and bottorri fiducials is just tho tlista11c.e eqiiatioll: 
(/', = vc .r r ) L  t (,yl - 7 ~ ~ ~ ) ~ .  The difference betweell the prcdicteci and rnrvislirrcl leng~ 11 is . - 

\I c, typic allv ~.cf(.~ to thi\ ns tlir, ..5-1" rrletric niitl will usc ill irltercl-iangenhlj wit11 A. 

Zott) t llat for .~ll thr  a l - 1 0 ~ ~  eyuationi. tlie length i b  the ahsolute length. Our rnetrologr- gduges, 
h o ~  e\t>i.  WI (l 01111 ( dpdl~l~s of illeasllr i l~g  relilt ii e iliutioni. \Ye tl~erefor r ~ q u i ~ e  a bcgir~riirig st ~ ~ 1 )  appl o- 
priatclv iiamctl "Abiol~itc hlctrology" modc, dliring wl-rich we switch l~etwcrii offsclt lasrrs in ortlei to 
detc~rrninc. t l ~ c  ~l)s(~l l l t t> leiigth dour1 to the micron 1evt.l. This data 1s sho~vn 111 Src-. 011c(. wc. have 
establiillcd t hosc lt~rigths. we add it to tlie rclat ive gaugc mc~asulcriic~nt s 11efor c c.alc~ilatilig the. rrretric. 
Tlldt 15: 

Y i  = ! , i t ,  + gz, , < , I , , <  ( 5 )  

for all lcgs I .  m-here y ,~ , , ,~ , , , , ,~  is the initial rr~cus~lrenlerit of g,, ,111d g ,7 , ,c , , , , ,  is the relati\-(, nlctrology 
nic~astli.enirilt taket aftr.r some tirne. \Ve show sample "relati\re" data See. . wlien. we (lo ]lot articiilate 
t hc c,orller c111)c> vct . but are tracking the tliermal tlrlfts of the testbctl. 

A:, Fig iho~ i s .  so fa1 the art iculati~ig c orncl c*ut)e (ACC) is \ c ~ r i  l ~ y  all tllrc~3 relexnnt gaiiges. 
Bctnube oir SII\l, t lie ,ingles betwccri the gaugci 1s largcr tlinri the ,tcccptante ariglc of a siriglc c.orilel 



cube. SJXI will ilrerl to usr rlo111)lc ronler c*ul)t%s. \.Ve sllnm F I I ~  I I ~ P  ch i~ r i~c~s  tliaf will bca madr t,o t l i c~  
testhed to ttrcorne mowx SIlI-likr and addrf is  ntlditiorl;~E (11-ro1.s that arc c .a~~srd  hy Iiavir~g 1ii111t.i-f;rcetccl 
cor.11c.r cubes. That .  alo~ll?; with om. c.onc.l~~sioils, is ill Src-. t j .  

2. ABSOLUTE METROLOGY 

IVe wjll k rg i i~  with thc. Iigllt sniirrr, si11r.c i t  is more romplivatrd thi111 t l ~ t .  I ~ S I I R ~  ~ C ~ ~ I . C ) I ~ ~ I I P  SOIII-CP ill 
that  it is r.npal)l~ of switching llrt w ~ e n  two lils~rs. which arc lorkrd to  htl 15 GHx apart.  'E'l~is is ileeclecl 
for ~lbsolutc r r i r t  rnlogy i ~ l ~ i t . . ; u ~ - c ~ ~ ~ ~ r t ~ t  . S11 I wit11 11;tv~ t ~ o  of tllrsc for rtbdnr~(lnnrv. A sc.hrrriat,ir is 
shown in Fig. :l wit 11 at1 ~cconlpi~uyirig i ~ n i l = ; ~  ill t:i~. 1 .  The first st.t ol aro~ist(ro!)tic.s modulators ;ire 

Figure 3. Scliclt~~,~t ic of t t ~ c ,  fi.rca-y,;tc.r so1lrc.r Figurc 4. Jiu;\gr o f  t hr ~ T P ( x - ~ I > ~ ~ E ' ( '  sui1rCe. ~ v l ~ t l ~ . t a  t hv 
rc,tl-lir~r~s arta nrl nvrrla!. 01' t Ire 1R lip,llt-~)iltl~. 

theril to q11ic.kl.v stvitvE1 I ~ c ~ t w t ~ r i ~  two I;~st>r\, st) only ollt. of tElrs~ is m] a t  i I r Iv  given ti~l~ca. Duri11:: I . ~ I ~ I I ~ > I ~  

(relat ivv in~t~trnlogy) moclc. wta j t ~ s t  11s~ 0111' of 1 lip I R S P ~ S ,  D~~l- i l lg  Ahs. . \ l ( a t .  f Iirst 14011s switch hack 
arid forurard ;rt, .5130 Ilz. The rt.rr1ol.r t l ~ p  200 prr. of data c.r.11f r.rrtl al-olllid t , l ~ ~ i  swit,ch dlll.irlg wliich 
wc loosr lork of thc 20 kHx h ~ t e r o t l y ~ ~ r  signal. This I~rtrrndylic. sigr~al is gellrll-atrtl t?v the sccor~d. or 
right most. AO3Is i r i  thca so~i r r r .  Tlicsc~ t,wo AOhls ; ~ r r  ;llxv.v~?.s 011 a ~ l d  tlrivrn 20 kHz itpart,. Dcc. ;~~~st~ 
wt. lr~ost~ lock whilr swit c.lii~ig tl IP lasrrs, wt3 (1111~ oht i ~ i r l  t hcl plia.-tsra tlifl'rrc~l1c.c. 1 ~ r . 1  ~ v r r n  t lirl rvfc~~.rnrr ant1 
measure-~rie~~t signi~ls. This ph;lhr diftr~+rric.r> is ~rlc . ;~s~~rrr l  for hot 11 Insrrs at 500 He each l>y switching 
h r l i v ~ ~ n  th r  two. A S R I I ~ P ~ I ~  plot of t llr raw plli-~stas mil I)tl srnrar i  i l l  Fig. t~ . f>r.o111 t IIP d i f f i > r ~ i ~ ( + ~  i t1  p l i ; ~ s ~  
anrl kno-rvirig that  t l i ~  li~scrs are offstlt lorlcrrl at, Sw = 15 GI l z .  rvcl (.i l l]  r>~l(.l~littc~ :HI ;?hsolutt~ Ira~igt 11 t o  
wit11i11 ainbig~~ity l(~igt,ll of 1 CIII c.ol-~w~* r111)r to  c.or11~r V I I ~ P  (2 CI I I  I ~ O I I I ~ C I  trip). 7 '11~ ~ q l ~ a t ~ i t ~ ~ i  [ I S P ~  

is 1 = cg. lvllerc c is lllr spccd of light. The initial [.st illlate. to  witl~in two ~( ' l l t i l l l l ' t~l .~ mas o h t i ~ i ~ ~ r d  
using strings in thca trstl)rrl which urcxrr t hrn m r a s ~ ~ r r ~ d  ~ci t l i  ;-I 1-11lt.r. Tlkr t,alc.~~lnt vcl lengt,l~ for ltg 1 
is s l l o ~ ~ i i  in Fig. .+I. 'Thr mran of 1.571620 l r l  has Z~rrn sul)tri~c.lcvl in a r t l ~ r  to sllow tlitl rioisr. This 
noise is itgai11 d11t to vil~riit~iuris and avel-iigta5 O I I ~  ( I~~i rk ly .  'Tllr RSIS ovrr- (rn mimltcs is typically a fr.13, 

rnivrons. This is avit hiri t hr tpri ~ili('ro~i.ci acrilracy ~ i r c t l r ~ l  for Kitv to 01)tiliii it 'S goal rtvlllirt~ri~llt S. Tlie 
lwgest crror in ollr al>solntch tt~rtrologv is c111r to amplitutlr srnsitivit,y whrn roii\lt.l-li~~g t h ~  llctcrotlynr 
signal to  a p11;lhr il1~as11relritut. T h r  l~rigtlis o f  I hr  Iiitv Ir*gs [or the: ~ ~ ~ l ) s t ~ c p ~ r i i t  clatil was: 1.571 61 5 .  
2.9831 17. 1.47793'3, 1 .357;100 0.534182 1.551 161. Tlir srlf-tho~~sist r n c  thn.ol- .  c.nErtllatrrl its in Eq. ( I) 
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Figure 5 ,  Sainplr plins(~ tlilta dilring ail i~ll ';~)llit P Figure 6. 1'11~ sanii3 p1iilc;~s :IS i l l  Fig. 1 1  W P ~ P  1lhr(1 to 
111rtrolo3 ~ ~ ~ r ~ s ~ i s r m r n t .  This sllolr-s t 11r plinscs uwn- r ~ l r ~ ~ l , ~ t c >  t 11t. r~sult a ~ i t  a t,smlut ( 3  Irg 1~1igt t ~ .  
srirrd ~vitli tile clifTe'~l'r11t lilsi~rs. Tliv has11 is ~ I I P  to 
~~iF>ratinils of t tlr AC'C'. Towi~rtIs t !IP riltl, tllr plli~sca 
arl+al>pil~g o f  t l i c a  l as~r  h t n t r  ('all l ) t a  sr-r~i. 

but witho~lt addirig rtllnt ivr gaugt* ~i~cws~u.rnlci~ts is -1 4.8 rr~irrons. Tllc~ Rl IS  of t,Iw rrror samplcd at 

500 Hz For 10 minutcs was ti mirroris. 

3. QUASI-STATIC 

One of thtl nlo1.t tliffir~~lt, prohlr~ri~h iii dehuggilig Kit r is that at tlir picolnetrr. Irvrl. not,llixr:: cyvrr stay> 
still. What WP i r i t t a r ~ t l  to he static is rrally just our rnost quitlscclrt tiit~r arid w r  lnbrl it as "Quasi- 
Static.", b r c a ~ ~ s e  a t  lcast uo c.orn(>r ( h l ~ b ~  arr art,iculati~ig. It tli11s S~IO\V\.N Kite's vil~l.fit,inns aricl drift, 
noise floors. IYr only start t;tkilig data 2 (1;1ys nftrr the wcllllrn tank lias I)wi1 pnmpctl down in ortlrr 
to illinirrlizc tlir ilirrmal drifts. S ~ I I I ~ ~ ) ~ P  data is slio~vii in Fig. 7 . ;)long wit,h t,I~c. P o w ~ r  Spct.tr;~l Dclisity 
if  t hr same tiatma i l l  Fig. s. The ~il)rilt ioiis R ~ P  11111('11 ht 1.01ige;~r in gilngc.5 1 , 2 and 3 E)rra~lsc: t hcy c.;lrh st1? 
tlli~ ACC. This c o l - ~ l t ~  rill)r is or1 goliioii1et Pr stack ;11o1ig ~vith t , l - i ~ ~ i s l ~ t  ion b t i l g t *~  nntl has a fortlst, of 
mot1c.h. Soiri~ of' thcht> ~uoclcs ar(> e>rc.itc.rl 1)v t hc vacnzllll t t3lik 1i1otlcs ('il~l~iiig abol~t 50 11111 v i I l ~ . i ~ t i o ~ ~ ~ .  
This is of !lie ol-tlrr \vll itt is rxpractrtl oil flight, wl~rrr the* viIn-;il io~ls arct rcbq~~irt.rl In hc lvss tm!!catl 10 1 1 ~ 1  

RI\,IS. These 1-i1)riltion:: will be a\-t,riigrtl o i ~ t  li~t,m clr~rii~g ollr st ;~rr  tinlcs. \.YIlrri wr arid tht* al~solut~t~ 
Irngths to thesc I - P ~ H ~ ~ I - P  I I I ( J ~ ~ s ~ I T ( ~ I I I ( ' ~ I ~ s .  IVP rill) ~.nErrll;lte t,Ilrl "5-1" ~rl~tl-i(.. Tl~is  js plottc%rl in Fig. ' 1  . 
again aceompa~iic~d I,? its PSI) uf t,llc> S R I ~ ~ P  rlatil i r i  Fig. 10. 

An ot,hrr C'HVPF~~ that tjrra l l av~  not tu~u.hc%cl 11pori yrxt in that t,hc* K;lllgrs n ~ c d  t,o properly poilit 
alon=, thc lint connectiiig the= ftvo v~rticc~s of tlir firltrcials. Bcratrse wc. ric3c.rl the EiIIIgPh to poirlt a1 

the mic.~-o-rijtli~ii 1~vrl. urr* nrrtlrtl to t~il\-cl ;ui artivc poi~itilig svstern. 'I'l~r point in^ rrror. 1lowvt.r. is 
rncEially symmetrical slid =;OW SIS h1 = ICOSB,  wllrrr 1 is the Iriigt 11 of the 1t.g ant1 6' is tllr ~)ointiily; rrror. 
IVil thm.&i.Cn dccl t o  rlitllcr the gallgrs in rl circ-HI;-lr fashio~l a d  rssrntifilly Ilavr a lock-ill loop that -- 

k. 4 
looks at tllc~ aiiiplit 11dr ilrid phasr nf tlir sig~~ijl at t hv tlitlirr frrq11~ric.y. Flirt hrnnort*. ' t~rra~mr urea tlit 11rr 
t11r rutire gauge. t lirq, ~ i ~ ~ c t ~ i ~ ~ ~ i c a l l , ~  rrc~ss-talk. Tl~at  is, rlithrring one gauge. at I'rt.cl~~ciicy vc;l r:auscs 
tho othc.1- g;tllgrs to scv a signal iRt thcl frr.cj11riic:y bet-ailsr t hrv ~ ~ l ~ ~ l i i ~ ~ l i ~ i ~ l l  (It-ivra cknrtl othcr through 
t h r  optics tablc. ITr th~rtlfor I l ;~vr  slightly ~liff~rriit ditlivr frrtl~lel~<:ies fin- C R T ~  gilugr. Fig-X shows 

L 
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Figure 7. Qlinsi-Static. da~sb or thr ~ ; I I I R { ~ S .  Figure 8. Po~wr spc,c.tral ileii.;it irs o f  tlirl g;lalge [latan. 
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Figure 9. Ci~lculal~rrl A as t hc, tliffurr.ut r I)rt rvrrn the, Figurc 10. 1'S1> o f  i ]I(, 4 metric. 
pt.~tlirtrtl ant1 inri~xure~l Icngt 11 of 1t.g '2. 

t h r  porvcr S P P C ~ V ~ I I  (Ii~iisity witho\it thc, p,itllgtb:, rlithrring. Tlicarr is n clip 11t'ilr G I-lertz. wliicli wt usc 
as the region ro plarr t Ilc dithrr-irig Frrrl~~rucy nf tlic. g i ~ ~ ~ g c x .  T h t ~  fill1 clrt ails of tlitl filtrrs and c.or~t,r.rh 
algoritli~r~s itl+t' otrt side the sc.ol)t, of 1 his papor i~nrl \viEl lw  p~~l)!isl~cvl at, a 1~tcbr di~tcl. 

4. WIDE ANGLE OBSERVING SCENARIO 

IVide-Anglty tl;tti~ r)n $131 co~lhists o f  15 tlpgrct\ ~virlr t,ilrs on tlic sky. TIiat rcyuil-(1s t hr scirnct. sidt%roht,ats 
to art ic l i la t~ 3.75 cir.g~*rrs in radi~ls t o  ilcquirr the stars and henw so do tllr tloul~lrl col-rwr c-ilhe ficlu~ii~lh 
that  art: locatrtl a t  the miters of t hr sid~rostath. For ilow,  kit^ ollly .artic:k~latr orir single cornrr cube. 
LVr h a w  choserl a I~cxi~gonally syrrirric+~.iral observing p;11 t,rnl wit,h u711ic.h wr rover tlic. tilr. This 13attr1.n 
is shoirll in Fig. I 1 . \ I 7 t k  st;~r-t i111tl enrl at t,l~cl rril trr of t h y  firl(1. For SIM this would bc 3 rrfrreilcc 
st,wt loratcd uc;~r t , l~r  r r i i t ~ r  of thv firltl. This way. wr can rernovr l i~ imr  terripoml clrift, from tl~cl first, 
to tlir last, i a t~gra t iou  tirt~r or Inok, sir1c.c. t l ~ r y  a r r  tht. s a l l~ r~  obsrrvatioli. IYr made ssurr t,his would not 



Figure 11. This sllon-s the layout of the Kite 14'-4 Figure 12. These are the 11leasllrc:d l(>ligths for thp six 
grid. Thc c,orner cube first poirits at tllr center and gauges duri~ig the wick angle rull verslib ti ill^. 
starts by g o i ~ ~ g  to t Ilr. right. After t,he rigllt-~riost poilit. 
it goes up and t,o the Irft. It then follows the lint, 

1111til t Ile pat ter11 c.olllcXs 1);rc:k or1 itself at the half wa>- 
poir~t. 1vl1ic.11 is a g a i ~ ~  ill thc ccnt,cr. It continues goirlg 
right. 111it t,liis tiinc. w1le11 it gets to the riglit-~i~ost 
point. it 11ou goes cliagorially do\iw alld to t,llr lrft . 
The p a t t r r ~ ~  is t1l~11 fi~llowetl again ui~t,il it arrives back 
at the, cwlter. This means that tlir 13 point,s a l o ~ ~ g  th(1 
y-nsis are ~lleasilrt~ti taicac. 

rernovrl spatial illf(.~rir~atioli by having the hexagonal scan skip lines on the way up and t,lic~i fill those 
liiles ill on tllc. way hack tiowii. Positive tilt is poiritiilg the ACC 1-1-1 axis more towards gauge 1. aiitl 
positive tip is poilit ing the ACC 1-1-1 axis up out of the plane of Kit.r. W7e c:l~arige tlic s cw~l~ ing  pat tern 
for sonlo o f  t,he \i~icle-angle data runs: so that  we (>all distiiiguish true field cle~~eiitlelit effec t s  from othcr 
po t~n t~ in l  errors. sl~cll as source amplitude drift c.oupling into rneasurelrlei~t errors or poii~t irig errors. 

Iluring suc.11 a :ican. tlle da.t,a. is rec~ordcd for all six gauges a t  100 Hz. il sarnple figure of the raw 
dat,; is s h o u l ~  in Fig. . Thc lttrgcx t~xcitixtior~s are during the, gonion~et.er stack rnotions. The. fiat 
r~g ions  U C ~  wllere the. 30 second looks are locatctd. Also! there is sornr. cxtra data  a t  the bc)giriiiir~g 
of P R ( . ~ I  r111i that  is used for diagnosil~g tlic point irig loops. Frorri t>hcsr relat ivr ga11ge r r~ t~asrncr l~o~~ts ,  
ant1 iisil~g thc nlost rc>cent absohlte rnc~t,rology iiieasurenient, A is calculatetl, still at 100 IIz.  Tliis is 
sholvn ill Fig. Tllc. '.5-1" metric- is rlow averaged down t,o 30 sccoiltl averages. This t i r~ i i~ ig  is spec-ifietl 
by S1AI.s prc>clictetl ohsc~rviiig tirrics. Tht. resl~ltirig i~iet~ric vt3rsus tilrle is sliows ill Fig. . Tlie first, 
and last clwta poiii.rs. nlarkecl wit11 hluc x's are 1ise(1 to  calculate the tirift. ?'lie greerl x's :trr lincwrly 
iiiterpolat c ~ l  l~et,wec.r~ t 1 1 ~  end points antl get subtracted froin the red x's ~v11icl.1 are the dwt a. Kotc that 
for this filc. the dr..ft was slightly larger t l l a l~  1 i i i r l .  which is typical. This is now rcaciy to  be plotted 
1-rrsns tlw ii11glr.s of tllc ACIC. Kote that  (0.0) is rea.lly just the st,artillg poirit,. For tliis pwrtic~lla,r 
file, thr. XC(' 1-1-1 axis xvas pointed 11 degrees away frorn tlic line collrlectir~g t h r  ACCl to  the I'CCI 
ant1 tom-arcls gauge, 1. First. iri Fig. . we j l~st  show t,he A metric. This ho-ci7evc.r. ha.. a 1wr.g~ fivltl 
dt.pclncl(~r~t plant.. T11e socond case, in Fig. . has the best fitted plane rcrrioved. Even aft,c3r the, j)l:iiir~ 
has l)tc,i1 re11107.-ed. t l i ~  rrsid~lal RhlS in th r  delta is xxx 1,111. iZ1t 11011g11 t, l~is ciill g ~ t  divided by fi 



Figure 13. This is 5-1 mrtric. for tliv wide anglr rlui Figure 14. This is thr avrrilgch ilietrir. whrrt~ tliv av- 
at 100 Hz. Tllc l a r j i ~  hpik~h a r r  ~'it)rtltioli< fro111 t h r  rragin~ ttook plitc'cx o'.t~r :$() srroutl. 
s t ~ p p r r  ~iioturb ~v l l i l r  ~1.ticulat irig t tic. .4C'C. -1'Ilr quit(, 
t ilnrs in I,tbt~vi~c~~i are the :$O s~coiltl i r i t  cgr;l( ic1i1 tilurs. 

Figure 15. This i:, tlir. ~vitle as~glc hrltl tl(1priirl~nt stir- Figure 16. 'This is i i g ~ i ~ i  t Ilr witlr arigle field tlrpc~ii- 
fnvr. Thta ~~ror~ii i~t . l l t  plnilt>r field clt~~~r,tidvnc.r is clue t I )  dr-kil s~~r l 'uc .~ .  1,111 t l o u  t hc t il)-ti1 t ~ j l i b t l ~ '  1~1s I>r>r~l rtb- 

tlillerlrnl errors in t hr cor1n.r cubrr. 'Cllitt rwor t1lkt.t  h ~ i ~ ) v ( ~ l .  Tlii, s i > ~ ~ ~ a i i > i ~ i g  ( I ~ I I I ~ I I A ~ I ~  tvri~i  is ast i g n ~ a t i s ~ i ~  
tlir g a ~ ~ g t ~ s  rliffrrrtitly rnusr:, i~ inis~nntrh I~r,t\r-taen !!lr r;l~isctl I)y t llr gnugc%b Ii~~villg diffrrrrit nugl~s of rrfl(b(.- 
irit~nsured and 1)rrdic twl 11'1igt h tioil off the rornrr--c.~~l)r xi~rfac cs. TEi;lt muses tlifftartai~t 

pl12~qe rbffrrt h k)rtwrcii t he tliffrrraiit cat~g~s aild i l l  ~ I I I - I I  

V ~ I I I S P ~  it11 rrrtbr I IV~ZYI-Y- ' I~  t tlr lur;ahul-r~~r~rll~ ~ n d  thv pl.fa- 
rlict icoll. 

in order to obta in  ;I I)rr ga1Igc. c*rrcw. r a t h ~ r  t l l a ~ l  t l lr  "5-1" tliff(1l-rnrr. i t  still dors not  get  11s t o  thp 
7 

140 pui goal. A fllrthrl- nwrssary s t ~ p  is t o  gcnrrfite a ray-t rare motlrl elf Kitc. - ;-1i111 grtirrat~ a I~ins  - 
funt:tion wl~irh can I)tl ~ u l ~ t r i ~ l ~ d  fa-ortl tllr irhtlivirluill gaugrs 1)rfor~ r ~ c a I c 1 r l a t 6 1 ~  A. ' 1 ' 1 1 ~  same dat,a 
srt . bnt with both  tlir. mode1 i111<l tllc~ Z~rsl fit pl;-~nr. ~ P I I I O V P ~  is show11 jll . This fi~~itllv rr l~ets  our go:~l 



D e b  us Anglc on n hex grid for PLZminQPL2 vl~th plane removed 
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Figure 17. This is  thta s;ull? \vide i ln~ lr  firid dvpr31itlrlit xrlrfarr. i ~ r ~ t  IIOIV 1 ~ 0 t h  t11(1 ~nc)dcl and ttir tip-tilt [ ~ l ~ t l l r  

Iin1.r hrrll rriric~~~tl. TIIP lll\lS ovcr tliv ,ivcl-figrtl As is 113 pn~. 1 - t ) ~  prr gitllgcb error for this rlui is n facd or of 
fi I ~ I V P S .  so 101 ]>lrl. 

So far. we havv only givrr~ otw cxarrtplt. ~ I A ~ R  S P ~ .  E~'C.~IIISI' SIYI t ~ i l i  llilvtl ~ H P I ~ P S  at \-ariolis ;tng1~5. 
we vary thr  starting aiiglv o f  t hr AC'C Ijofo~c. st nrting tllr \5:A clnt R ruii. 7'11(1 ~ioi~iirlal casts H S  WCI'P 

the ACC' 1-1-1 axis  mints tvwar~ls tlw PCC. 111 blint startink coiifigiiration. wc dso  take data i l l  n 

srr.orlcl sranning pi~ttc~r,  whrrr tltp X ai~rl Y itxis are fl ippc~l. That rrlakcs tl~cl 1;tvout llavc a flip about 
the t i p  = t ~ l l  axis. AS iri t IIC' i~llnvr cxarnplr, IV(~ also llave ciiscs wlit~rr. thr ACC is first poiritcd 11 
degr~t.s tO\~ilrtls galrge 1 .  IV(a illst1 1 R ~ P  tliltil u~ll(,r~' t,he ACC is p o i ~ ~ t r d  f owitrds g;tllEr 3 by 3 drgrrrs. 
1x1 all rnscs. we gai~i a gn%nt clcal tj?. I l i l~i~ig il 11lode1 and XI-ithout it Kitrl roiilrl not ~nrc~ t  it's goal 
retluirrlnrnls. To gait1 ;I 1,t.t trr uiiderstai~di~~g of ~ ~ h i c h  t,cv-ins tllc 1norl~E Ilrlps us in, WP llavr iit,t,cd 
the ficlrl d rp rndc~~cr  si~rFartl to Zrruikr finic.t,iox~s.' In Fig. I \ ~ t ,  sllow the Z'rr~ikt. ro~fficicnt~s fit t rd 
to this firld tlrprndcnt error. for 18 data f i l ~ ~ .  -l'h(, firsl, 5 files arca t,lir llol~lil~i~l tl;pr. t , h ~  11c:xt fivv arr 
takcn wit11 n differe~~t sc.i-ll~rli~ig pattern. tlir~ follo~vi~lg 4 ;tl-cl tilt,r.d 11 degrctls townrtEs gaugtl I a ~ i r l  t,he 
final 4 arr t,iltrrl 4 d ~ g r ~ c s  t,owi>r(ls gauEe 3. Not r that for (*acl~ ( ' ~ R T I ~ P  in thc starting configur~t~ion 
-- not for a clli~rigc in scnnnirip, 1)iltt I Y * ~  i R ~Iiffertwt r r 1 0 ( 1 ~ 1  aild ~lifftwa~lt \)ifis fi~iict ioli is genera tcti. 
The fitt,cd Zcrnikrs a f t ~ r  rerilovil~g tliv icppropriiltc illode1 or bias h~nvtion is i l l  Fig. 1 ' 1 .  I'lic don~inant 
rhaiige is of co:~;\l-s~ ill tlip tip ilxltl t i l l .  The sccollcl nrdrr t ,~ni15 arc grrat ly ii~~provrtl too. 'rliis is 
p;trtic.~~larly hplpful I)rac,;~~lsr SISI ~ . i i i i  rt.ttiovr rnost of t,l~c. linrar t~ r r i i  by f i t  t in: a ltIit~l(~ itcnross t lie f i r a k l  
using rcfvrr~wr starts. It is tli(~lhrfnr t ht-' S ( T O I I ~  ~) r ( l r r  t,erlrlh t hilt MT art' I I I ~ S ~  itll  rrrstetl ill. Onrr we 



Ze.n%e Scelf .n before he m x ~ e  is ieinoved vs run 4 lor Set al  Hex yrlds taken on 05.16 IT04  runs 
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Zernlke Coeff n l a t e r  h e  model has been removed i s  run It for Set of Hex g r i s  taken on 05'16 17 04 runs 
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Figure 18. Flttetl 2.r111ikr (oeffi~ieilt:, to  the br\ f i r4 t l  Figure 19. Fitted Ze~llllrr (orfff-lc~cllts to tllr iTTA f~cld 
dcyr~ltlcrit rl lor 5 tiepclldcnt errols but a t t r ~  the, ~l~odel  11as 1)cml sub 

tracted 

rrrnovc tlir. nlo(lel:,. wc. can take all the observatlorls and plot thrru in a histogr,lrn. Ttlii is doncl in 
Fig. . wl~err  wc' 11d\re also inclnded the goal levels. The KAIS of this tlistributiol~ is 157 p r ~ ,  wl-~icli 
i:, just l)elo\\ t 11c goal. 

5. NARROW ANGLE OBSERVING SCENARIO 

In tllc. Sarro~v-Arlg;lc case, the empliasis swit,clies t,o a single target star. Th11s far. all t,llc .Va,rrow Aiiglc 
work \vc. have dollrl on Kite has heen tomrards grt,tirig the siniplest casr t,o meet tlic goal performallcc. 
mrhicli is oilly 8 p111 of crror per star and per gaugc. For the sirnplest c.asrl. we take the target st,art to  
l)r. wi the c-eiitc~r of' the field ant1 t,lie ,4CC 1-1-1 axis is pointing towards the PCC. The t,arget, st,ar gets 
rncas~irrtl w i t l~  rc>spec:t to  four rrfererlcc stars. eac.11 within 0.5 degrees froni t,he target. H~1.t. the ariglc is 
on I lie sky. so again, half tl~trt on Kite E~ccausc the sidcrostat only \;rlccti t,o art,ic.ulaie lkalf tliv angle. 
As w s1iu.t. ~ v c  ~vill t . a k ~  t , l~ r  forlr refcrellce sta.rs to 11r in tllc right,, up. left wilt1 tlowri posit,io~~s. SIhI 
is plaiillilig 0x1 having 10 c11ops per targct star. w11r:rc. wit11 a (.hop r e  111c.wn the followir~g: st,ast wit11 
an ir~t,c$grat,ioli of soc:orltls 011 tllo target star, then inove towards a rcfc>rrrlce st,wrt clurir~~g 15 scc:orlds. 
Thclrc,. avc,r;l,gc for 30 sec.ontls before ret,urning. Ei~ch chop erds  wit 11 a final 15 srcorids on t hc t,argct 
star. T'li(1 c.ho1) is t ilc.11 the rr3fercnce r~lc>asurrrnerlt rrlirlus t11e average of the targct rrieasrurl.mcnts. That 
way. ally lilltar t ciliporal drift over thr: 90 seconds is rernovctl. By rcpeat,irig this ol-er a syrr~rriet~rical 
firltl. the lilii.ar field c~eprnc1ent terms drop 0111 xvherl averaging o v c ~  all t,hr ciircctiolls. 111 Kit(>, ea(11 
dirf,ct ioris get..: ol,s~.rvecl twicac give11 a tot,al of 8 cllops that a,re averagetl per target i~lr;tsru.elllrr~t.. The 
8 c*llop 5(~1u011ce is rcpcatetl 5 tinlcs during the coursc of 1 hours. iJTe t , l i a ~ ~  rt'srt the‘ 1joiilt,ing loops, 
rc-sc.1 ill1 our ~llc>trology gauges, arid repeat the seql1enc.e again. This is clol~e for ltl;t11y l~orirs and o11r 
hesl, c 1 i ~ 1  iL SPI, I o date is showll in Fig. Tllr sir~glc chops arc s1io~vt-n and the field tleper~clellcr. car1 be 
seeii. N O ~ P  t hat t,lw 6'" 1.1111 was significantly noisier tllari the others due to sonic external dist,~url)aricc 
affect ill:: tllc, poii~tirlg loops. For this data, c ~ ~ h  secluential set of 8 looks wcrr avrragrbd i~11(1 tlle 8-c-hop 
avc1.wgt.s ill.(. plottr8:l i l l  Fig. . Again 2 thick bars show the goal pcrfori~lai~cr, whicl~ is I(i p111 for t , h ~  
.'5-1" ~rlr:tric,. 'l'lic ii~c.tor of 2 t~et~ween the Kite rnetric and t l ~ r ~  SIl.4 error 111idgct i:, (llie to two factors o f  
a. 'Tli(> first is t)c~c.ausc the error bllciget is jjer gaugc a i d  the "5-1" is the corllbin~(i (!rror in ~lilllt,iple 



Histogram of 1656 WA target stars. (56.7633% within goal) 
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Figure 20. Tlistojil.i~li~ of t 11r rrrnrs i l l  t hca I ;trgrt mc~nsure.un~i~t 5 .  'rlrc tl;lrk l iu~s arc7 tit i t lie Goal. 

g i ~ ~ ~ g t s .  Bet.austy of thr loag ilsyc1c.t rill io nf Kittl lkoxvrvrl.. t hc i~\n-;tgrd rrror i l l  thr five othrr KijIIKPs 
has tlir same effect,ivc rl-ror AS R hiiiglr SjlIgrs. C\tl c.or~siclrr t,he errors to Ilr: i~l(lty(~li(lr~it het~v(~rrri t lie 
gauges all(] l i r l l r~  the first fi1~t01' of a. ' t . l l t '  srrond f;lc.t,ur is I I C ~ R ~ X S P  tilt' rrror h~idget is in terms of ii 
si~lgle star. klrr rneasuririg t 11r tliff~rerlct. hc~twt>rn the t argrt i~nd P ~ ~ P ~ I ' I I c ' ( ~  st RTS ho~i'tvcr. Sillre wP 
sprnll rtlual tirric or1 t l i t ~  rrfrreilcc st;lrhh ;itl t l  or1 t,lic tilrgrt. we again llav?-vr crllli11 crrors hrtwecri t,hr two. 
Tlic prl. star anrl per g;tugr rtl~~ivalerlt crror is 011 the rigllt ha~irl axis is Fig. 22.  Thc. histograln of t,lir 
sanw ~lat,a ib show in Fig. ? : I ,  mhcrc t , h ~  X-axis is again per gauge and per star. The r~sultirlg RhlS of 
10 hours x~ortli of tlati~ itrld t1irrrfor 50 t,;~r.gct star ~neasurrmrnt~s was 5.6 pm. This shows onr currcx~ltm 
electri(:i\l noisc! arlcl isol;~ t ion. our cllrrcnt o ~ ) !  irnl crosst :ilk. poil~t~ir~g, st,al)ilit,,v and villm t ion levels iirc 
all s~~fijrie~it ly low to ht art ttlckli~ig t11r li;-lrrlrr pml,lr~iiis and start taking dtltil off axis. -4s u,it,ll the 
IVidr-Angle. wc will nlhr) rlrrtl to rtarru)vr ;I hias rrloclr~l [or the (>%axis ( I ~ t i l  t o  I)t% i l \ ) l ~  to mr-t~t tlir gnnl 
prrforlriarice. 

6. CONCLUSION AND SUMMARY 

Tht. Exlrrrlal .\lctrology S ~ . ~ f , ~ m  for ST11 is ;-I vrr-y r o ~ i ~ p l r x  srrisor. C:rt t iiip, cveali t 11c si1np1ifit.d Kite- 
sE1aprd t~'stht(l lvitll ,illst fot11- ficlllrials i ~ l i ( l  hix RilllfrCS to pp1.forrr1 at t.ho pivol~~rtrr  l rvr l  has heell cluitc 
teclious ancl rhallenging. To ohtiliii t l l is  ~ ) r r f ' ~ r l i l i l ~ ~ ( ~  R lot of i~ i i~~~+ovri i i~r i ts  \ ~ ( ~ r r  1lrct9etE sincr the 
original hi~ildiiig of thr t r s t h ~ d .  1 [osi of tln\sr \vtYl.c. to 0l3tilillill~ l ) ~ t , l l  t IIO stil1)ilit~ and rrpritt~Z>ility of 
the ine;lsulhcmcnts alcn~g will1 nrctliiig lo cl ln~*ar . f  ~ r i ~ i i t i o l ~  trst hrrl for n~orlrllnp, PII~J)OSPS. .\3cctjng the 
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Figure 21. . 

Figure 22.  Surnnii~ry of ricl~t chop nvtar.ilxcxs vs. tinlr. Figusc 23. H i ~ t  ogrilln of X ~ l l o ~ )  ilW'rilgCh 

stability rctlnirrd a rrlore stablv light source. uiir i ~ a t  iilg g1.v1111~1 1001)s ill t lit' (~lrrl ro i l i~s ,  i ~ ~ i ~ ) r o v e i ~ i ~ r l t s  in 
the A b s o l ~ ~ t , ~  I l e t r o l o g ~  rriresuremt~rit ic~rliniq~les. alirl nvrragin=, oyt,ictl rrnss-talk l ) r t w ~ e n  the gnuges. 
T h r  r ~ p ~ a t a b i l i t y  has b ~ r r i  c.ti;~llru~ing frotrl tlir poi~l t  of r~c~racliag s t i l l ~ l ~  pointin=, loop  aurl having 
the tcsthrrl n~~ toma te t l  r ~ i o ~ ~ g h  to be c.ap;jl)lr of' taking 10 10 20 Eio11rs ur data ~vitlio~lt 11eedirig ~ I I I I ~ H I ~  



intervrrition hlorc. ac-c.l~rate characterization of the testbed .urns riecded thnn originall~ expected i11 
order for t11(, rriotlclctl bids fiir~ctiorls to accur atelv remove the effects of both thc dihedral effects of the 
cor1ic.i c.l~br\ i~11(1 the phase effects fro111 the reflect~ons of the bare gold surfaces. 

\Yc, ]la\-r clerr~oi~st~ratetl that.  wit,h t,hc current Kite setup. wc llave reached a Wide-Angle per targct 
I th lS 1)erf'onriancc of 137 p m  Tliis is just be1o.u~ the SILT goal of 140 ~ I I I  This was obtained ovcr 18 
tlat,a rliils. c~lcli last,irig 1.3 hours, wit,ll rnultiple scanni~lg patters and multiple st artirig cor~clitioris of the 
articulat,ing (.oriler cu11c (ACC). The next step is to replace the corner cubc, so that ~ v c  can liavc rriore 
g ra~ ing  anglcs of iiic~idencc. In the present Kite tcstbed. thr  largest angle of iricitlenc~r between ;i gaugc 
a.nd the c,oriir3r cul~t: surface is 65 + 3.75 degrees. In the clirrerit SIhl design ( L l 9 )  the. Iargcst ar~glt. 
of ir~c~itlt~iic~c~ is 78 + 3.75 degrees. Once we llavr achieved goal level 11erforniw1ic.t~ \\,it11 nlort: grazing 
:tngles o f  ir~c.itl(~rice. we will change the layout of t,he tcstbed ailtl introduce clouble-corricr-cubes, wllicll 
will iriorc acci~riitt,ly siiiiulate the. SIN opt,ical truss. That final coi~figi~ration viill thew caoi~ta.iri t,he 
Noii-C'orn~rlorl irert,ex Errors that arc, caaused by having different gaugcs observe diffcreiit fitluc,ials. Tllo 
tliff~rellt fidllcials 1iax.e diffcrcnt vertices that are on tho order of 10 mic:ro~~s. Again a ra:y-tract motiel 
will bcb lisp (lo pr(~\%le per gaugc hias functions for Kite to rr1et.t it's goal pcrforillance. Oricc that is 
c.orii~)lcte. tile t~st1)cd will corit,ain all the errors t,ll;tt tlie External hletrologj. Systcw will 11av~ a11c1 xvrX 
xvill tlrriio~~stratc~ its ability to rneet its allocwtt>cl error ill t,lic, S I l l  error t~ildget. 

In t 11r. Ndl.rov- Zrlglc obhervirig scacnario. we ha\.(. reached a pcr-st ar prr-gaugcx c3rror of 5 G p i .  This 
is a g : ~ i ~ ~  l~cllou tlie SIhI goal of 8 ~111. but the data. thus far is orllv 011 axis ant1 witliout tlw Ilia> ~liodel. 
Tlir. nr.11 itc'p 111 Y A  is to go off-axis arid inert the performance mitier i~illltiplr co~ihg~iratioris diid 
c.ontlitioris Oil( t' t liat it ~ i i ~ t .  Narrow Angle .u,ill follow tlie sarl~c htquenc.e in corldit ion., ns the, \\ itlr 
Aliglc. c <is(.. 
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