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,Sl]lllllillry.  We ])rescllt  a colnpariso~l of VJ ,111 a],cl }Ii})l, arcos
ztst,rol,,  ct. ric ]>aralnetcrs  clf several optically blig,lit radic, -
c]]]ittins stars. ‘J’hc systclrlatic discre],  ancics  fc,und i~i t h e m e
]Jrcli)llil)ary  data can bc rclnovcd  by pcrforll)ing  a sillglc c]obal
r o t a t i o n  bctwcc~l tllc extragalac.  tic and IIi])parcos  rcfcre~lc.c
frz~l[ics. ‘J’WO  csti~nates  of this rotation and its til]lc  clcrivativc
have bceu I,, aclc by usinz seven and  six link stare froln the two
lIiJ)parcc)s  rcductic,n  consortia FAST and NI)AC;, rcspcctivcly.
‘J’hc three ringlcs and amiual  rates of rotation between t}, c two
frtil,~cs ale clcterjninecl  at better tha!t  the ltlilli-arcscc  level. ‘J’hc
a],~,lcs c,f rotatic,l,  foullc] arc relative to a VIj}\I  cxtra~alactic
lcfcrcllcc frall)c  that is dctlncd  by the IK1{S  VJ,l  I1 coordina tes
of tllc  cxtraga]actic  rcfcrcncc  sources  usccl fc~r t}lc cliflcrcritial
Vl,l{l  li!easuwli~cllt  of the li]lk stars. ‘J’hc ]]ost-fit  rcsiclua]s  c,f
the sta~- coordinates and ],rc,]~cr ll~otio!~ coln}~onmlts after the
actjustl[)cl,t  of t}lc p.lobs] rotation i~lclicatc that tile  consistcl]cy
bctwcclt  the IIi]y, arcos and VJ,}I1 astrol!jctric techniques  i s
at tlic lni]li-arcscc  lCVCI.  ‘J’}lis is the first  cross- c}jcck b e t w e e n
tllcsc  two astrc,ltletric techniques of cox!l~)arablo ~)recisic~ll. It
is rat]ler satisfactory, especially in view of the fact that the
:isilc,lllctric  ]>arar]letcra  used arc fro~ll prcliln  inary  reductions
of the data for both techniques. ‘J’he }Iipparcos  refcrencc  frame
has bccIt alig.llcd with a quasi-FK5  fra]nc  in the prc,cms  of its
construction. ‘J’hc rnap.nitudes  of the rcltation  angles  found arc
consistent wit}l the de~rcc  of ali~nnlent  know]l b e t w e e n  t h e
\~I,l\]  al,d 11’K5 fra)ltcs. ‘J’hi8 V],})] link of the ]Iip],  arcos  cata-
lc,g is l)reli~llinary  and we dcscrihc  various iu)provel[lc)ltc+ that
will he illl])lc~ncntcd  before the release of t}lc }li I)~mrcos  catalog
in 1996.  ~o~llparison  of the V] ,}11 aud }Jipparcc,s trigonometric
],:trall:iXcS arc also c{jsCusscd.

Kcy words:  VI ,1{1 - IIipparcos - astroluetry  - rcferencc  sys-
tcllls

1. ITl(rocluctioll

‘1’hc VJ ,111 (Very l,ong  }Iasclillc  IIltcrfcroll,  etry) cxtrap,alact  ic
fralr)c  is t}ic ])rilllary  celestial rcferc]icc  frallic clue ‘co its accu-
1 acy ant] stability c~ver tilllc.  Nor cxalllI)lr,  the illtcrllal ])rccisio),
of the Jet l’ropu]siorl  l,:iboratory fra~rlc is 0.2 and (1.3 ~nilli-
arcscc  for the coc,rdillatc  dift’ercliccs oc, x ccm 6 and 06 allcl the
best  agrcclne],t  bctwccn  this frar,~c ancl the il,dc~)clclal,t  (;c,cl-
clard S])acc }+’lip,llt C:rnter  fralnc is 0.4 and 0.6 l[tilli-arcscc  fc,r
t]lc salllc  coordinate clitl’ercr]ces (.Tacc,bs 1994). ‘J’his ],recisiol,
i s  c.ol}~])arat>]c  tc} a~ld cvc]i hcttcr than  t h e  cxpcctcd  illtcr~lal
cc~nsistcllcy of t}le lli]~parcos  optical reference fralr)c,  cLlr lerltly
lrlaterialisccl  in a pmvisiolla]  forlll by t}lc 30 IIlc,l]tlls sc,lutic}lls
o f  t}lc IIippai-cos  rcc]uctioll  c.ollsortia  1+’AS’J’  a n d  NT1)AC. ‘1’hc
]icw IIip])arccm fra~!lc rcprcscnts a  50- fo]cl i~,,],rc,vcl,,~~,t ;],
],~ecisic,r, o v e r  l,revious  o],tic,al fral,lcs (e.~,. },’K5). ‘J’})c ]i~,k
t)ctwcc]l the  two rcfcrc~lcc fralrlcs (VJ,I{I ancl llil,~,arcos)  is
il[jpc~rtant  to unify the optical and raclic, coc,rdinaie  systcllls
for rcgistratio~t  of i]]lagcs at both wavclc]lgths  al)d to sto}) ally
resiclua]  global  rotatic)~l of the llip~~arcos fra][le  for dy]lal[lical
studies. Note t}lat the IIubb]c  Space ‘J’clcscopc ancl radio in-
terfcro~lletcrs  such as t}lc Very l,argc Array and the Australirul
‘J’elescc,pe  produce optical and radio il[la.gcfl of colllparablc  ang-
ular rcsc)lutic~n  (50 lnilli-arcscc) that could bc registered at t}le
IIlilli-arcscc  lCVC1 with the }lipparccls/VJ,}lI  link,  Since 19s2,
wc have been conducting a high-accuracy VJ,}II astrc~l[lctric
},~c>grasl~ of ]] optically t.,right radio-  c~llitting  stal-s which are
cjl}jects corr]?ncm to troth fralltcs (VJ,1 H and lli],]~alcc,s) a],d
whit}) can be used to link t.hcIII at the I!)illi-arcscc  level. Other
techniques will also t,c USCCI  to achicvc  this link as clcscrit,cd
ill 1,illdcgrcn  (19QS).

‘J’hc lirlk between the extragalactic (V],}]])  and llip]~arcos
fra],lcs  has  been stuclicd  theoretically by 1+’rocsclil< alicl Kc,-

. .valcv  sky (1982) and can bc wrlttcn ]n IIiatrix  forlll as:
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W}IQJY  o ,(l{,i$ o /,{},,  6 ~IM aIICl 6 },,1, are the direction :~ud ]~rop~r
IIlotio)l vectors of the link stars lneasu  red hy Lot})  tech)  liclucs
(V],] 11 aIid ]li~)parccm) al,d  referred to the SaIIJe epoc}l tCI. ‘J’}lc
II!atriccs  [A’(fo)]  alici ~R) represent the fixed g]c,bal rotat ion
and residual migular  velocity of the lli])parcos fral[le  relative
to the VI ,1~1 frzrl]]c, respectively. In principle, the clircctio]ls
al)cl pl-c,])cr Illotions  c)f 2 link stars are sufhciellt  to CJcicr]llil)e
the 3 :+ UF, ICS and 3 rates of rotatic]n  of these  two ~rlatriccs
l,ut the VI ,1!1 ]mop,ra]n lnonitc~rs 1 I ]ink stars for rcclunclalicy.
‘1’llcm stal s, dis]~layccl oll the  colcstial  s],hcre  in FiCurc 1, arc
the l]lost  active c,f t h e  radio-  en, ittjng stals illitirrlly  sclcctccl
t o  achieve  hi~h-accuracy Vl,};l astrolrlctry b y  lmtrade et cIl
(]982)  aftc]  tlic filst list c,f radio stars for astrol,, etry  c,f Waltel
(1977). ‘J’l,cse li,,k  stars arc mostly cl,ro,,,cs,}c,ic:{lly active
clcwo }Jiltalics (11S C;Vn) slid  2 a]e  opt ica l ly  l.~ligljt ~-ray clcme
bin:irics.  Si]])ilar  raclic)-c]l)itting  sta]s a t  ]Iigh clcclinatic,]i ill
tl]c sc,utl]crjl  hcnlis],herc are u s e f u l  fc,r tl)c lilik bu t  t}kcy  arc
]Ic)t v is ib le  wit}) the VJJIH aljtcllnas \vc usccl in the Ilorlllclll
}Icll]is],herc. A  VJ,}II astrolllc,tric  ])lo~,cal,l 011  3 decI, soutl]c]ll
stars is l]cil18 cc,llcluc. ted by a gloul,  frolll CS1l{CI  in Austlalia
:IIIC] llShT C).
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l’ig. 1. Sky clis(ribuiicn]  cIf t}Ic Vl,}ll li]lk stars for Jlil)parcos

I\Te USCC1 tl, c I,l~ase-referc~~cil~g V],] i] technique to achicwe both
high sensitivity with multi-hour i~itcgratious  ancl high accuracy
thrc,ugh  ]Ilcasurclnellt  of the clifl’crential i)ltcrfcromci)ic ]}hase
betwecl,  lhc tar’?,et s t a r  ancl an angu~arly nearby  VJ ,}1] cx-
tragalactic s o u r c e  as a fu~~ctiol~  of tilj)e,  ‘l’lie clctails  of  th is
tcchniquc  is clescribecl iu 1 ,cstraclc  et a l  (1990) .  l’ractically,
afteI - clifl’clencing t}lc target star and refermcc sou]ce  c)bscrvecl
I]hascs,  the VJ,l{I visibilitics  of the t a r g e t  star are  lrc,urier-
illvcrtccl  to ]]rocluc.e a IIIap of a patch of the sky frc,ll] which
the relative coordinates of the raclio star can be directly meas-
ured.  III this ])rocess,  the o]}tica] pc, sitic,lis and ullcertail)tics c)f

the rac]io-elnitting stars I~rovicled  by the Auton]atic  h4criclian
(~ircle o f  IIordcaux Ot,scrvatory i], tile l~K5 fralne  (l{ic]ui$tne
a][d h4azurier  1991) h a v e  b e e n  tlie  ~llc~st reliable  sclurcc c,f a
priori  ],ara)netcvs  to restrict the sky area  to maI) for the initial
search c,f the stellar raclio source.

A  total of 77 h4arJc111 VJ JU obscrvatic~ns (as cf M a r c h
]994)  have b e e n  co~, ducted since  llcce~t(bcr  ]9,  1982. ];ach
VJ,III  obscrvatic,ll  of a sil)g,]e ],air,  star ancl a s s o c i a t e d  wfer-
CIICC source, runs for about 8 hours  with 4 to 7 r:i<lic~t[lescc,l>cs
lc,catecl il, t h e  col]tillelltal  LJS (C~CIIClStCIIiCI  70-111  o f  tlie IJccp
S p a c e  hTetwc,rk, Vl,}lA  alitcnnas,  lIaystack, Glee],  hank 140-
foc,t, C)VJtO  130-foot, l’hasccl-VI,A,  hat C]eck)  a]ld ill };urc,pe
(llom,, h4cclicina,  Noto). ‘J’lic observtition  f)ec~uc,,cy ~~as e i ther
5 C;}IZ clr 8.4 Gllz. All the ~ccorcl ccl clata were cross- cc, ~rclatecl
C)II t}ic  hfalk III l’~ocessor  a t  IIaystack C)bservfitc,:y, ‘J’IJc clis-
tlibutioll of the V] ,1!1 otmlvaticlns  c,~, cr t}le y e a r s  is SIlc,w,]]
ill Figule 2  al~d })eaks durins t h e  IIi},],arcc,s lnissic,ll (IWO
January  -  ]993  Marc]))  to ]Iiillilnisc: the possit.]]e cflect clf nc,Jl-
Iillcarity  of t}ic ])ro])er )Ilcltic,lls of li]lk stars. ‘1’llis efl’cct could
bc: sig]!ifical)t  if so]nc c)f tlIc link stars were mlative]y  shc,rl ]Jc-
rioc{ c{c)u}>Ic stars ullk])c]w]l as such CIUIJIIC t]le ~)lartllil[p, }IIIa se,

II.-mu Kll
84 85 86 87  88 89  90 91 92 93 94

Year

l:i~. 2. l)ist, itiutic,l)  of  t,l,c V1,l\l c,t,scrvatior,.  over tl,e  y e a r s .  I’c,r
]{194, \,l:,ck i,]clicz, tcs c,l]scrvalioi]s cc,],d~}ctcd :tr, c] p,rey ])la!,[,~d.

‘J’}le result c,f each VJjlll obscrvatic,ll  is the clifl”erelltial cc,-
c,rdiriates  c,f t}]e tar~ct star relative tc, its assc, ci:{tcd rcfcreIlce
cxtra~, alactic soulcc at t}Lc e late  Clf c,l, scrvatic,li.  ‘J’l)c all f,ular
sc])aratiolls bctwecll  the 11 VJ,l~I link stals al]cl theil  refelc!~ce
sclutccs arc between 0,5° a]lcl 5.0°. ‘J’lie astrollletric I>[ecisic,l~ of
t}lc clitTercljtial lncasurcll]e~!t  cle]]c,~lcls  on t}lis se~):,ratic,ll, 011 t},~

signal-t o.r)c)isc  ]atio (si]icc these stars arc weak vari:il~le radio
cll]ittcrs),  on the u-v coverage in the illla<,c IJlaIIc of tile i]iter-
fcrc,l)lcter,  al, d 01, weat}ier  al]cl iollospl!elic  fluctuations ciurillg
the  obscrvatic,lls  that currcllt Iuocle]s calJJic,t pleclict.  FcIr locst
c,f the VJ,I II observations, the thmre tical uncertainty based
CI]I ShTJt  allcl angular resolution c,f t}ie i~lterfcrc]~net~r ale, ne is
slllallcr than  0.1 ]I)illi-arc  sec. Ilut sc,loe sources c,f sysic]natjc

eI rc,rs are larger, e.g. icmcmI)here (at L GIIPl), tropcmphe~e,  or-
bital ]Ilotion  of the C1 OSC bi~iarics  a~~d structllre c,f t}, c stellar
a n d  refclc~lcc  raclic, sc, urccs. A  more  realistic er)ol  estil(!ate
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lc:,ds to a typical Iucasuren,  e],t uncertainty for an individual
difl’ercntial  ])cmitio]l  c)f a li]ik s tar  of  O.] to 0 .5  ~l~illialsccolld
(Ix’str’:ide et al 1990).

stay

11~ All]

111{109!1

111{5110

0’ (:111

Cyp, xl

Al{ 1/:,(

IN4 l’c’p,

star

11X Al/l

111{1099

111/5110
,

0 J  cl]]

Cyg xl

All ]):IC

lf14 l’c’p,

}’ositioll
tlllcclt.
(I,,as)

(). 55

,<1 : 0.3’0
16 : 1.21

0.90
[}.’20
1.50
0.60
().6()

1 ‘cried c,f
Oljscrvatiolls

28/03  - 92/03

3]/0:{ - 93/02

37/05 - 92/06

$7/05 - 93/11

38/03  - 93/11

39/04 - 93/c19

31/12 - 93/(19

1,1°

2.4°

4.5°

0.4°

1.6°

3.7°

0.7°1
iclns c)f tho 7 IiItk stars.

‘roper  Motion
lJ1,cert.

(],iasJyr)

0.20

o,, m z 0.24
o/t6 ‘ l.~o

0.25

0.04

0.20

0.20

().60

>ig, l’arallax
Ullcert.

(11!?$)

0.30

().35

0.70

0.08
().4(J

().4@

0.60

Vcrcach star, t,he clifierclltial  coorclillatcs  l,lcas[lrcc] at ,,,111.
ti],lc  e])oc}~s  (il\c  liulnber ofobscrvat,  iol, s for CaC]I si,:i  Ijs i], ‘J’~.

}Ile la) w(,rc used in a wci~}licd least-  scluares-tlt  to Clctcll[lil)c
its ~msitic,n lcl:itive cr, ti to the associated refcrellcc  extra galac-
tic source at the ~[]id-c~>och  of the observing s])a]i, its p~c,]>er
lrlotic,n }Iti,ild  rc]ativc to the cxtraga]actic  tmckgmullcl a~!d its
trip,c]llol[lctric  I)al-allax n. ‘]’hc individual cliflerel)tial  coolcli -
IIates  IIlcasured  aljd the resultinz VIII{] ]Iositiolls  a]ld ]JTO]IVT
IIlotic,)ls will l)c ]Iub]islled  ill clctail  e lsewhere .  }Ic,wcvcr, it is
Ic]cv:tl!t  ]icrc lc, ]~lc,vidc ill ‘1’ab]c 1}) I])c fc,rlll:,l Ullcc.rl:tilitics
clf tllc  lc,sllltil)~ \~l,ll I astlc,lllctric p:tl[iliictcrs  fol. tllc 7  sta]s
which have been aIIalysccl to date. ]n the fitting lIICICWIUM
U s e d ,  t]lc a ],rI’or~ ;I,di;,idua]  l,lc:,su~c~,,ej,t  ~I,ccIt:,i,,ties w~~e
sli~,lit,l,y aclj usted  to acljicve  a value  c,f uljity  fclr t}lc norlnalizcd

~,OCldllCS$  @f tllC t i t  (X2 : >~fl ~(~~)2,  wllcrc  r; arethc ]Iost-fit
rcsiclua]s  a n d  0{ are tllc a f,rt’ort’ l~leasurelllclkt ullccrt:iil,tjcs),
}“c,r coch s tar ,  both  V])])]  coolclillatm  IILcI  b o t h  VI$I1l an]tu:il
]’1~’l’~r lllc’~ic’11 cc’lll])c)ncnts lj:~vcs~l~.]-ll lilliarcsccollcl  fc,~l!~al UTI -
cclt:iillt ics, cxcc}~t fc>rll}t1099  w}iich is within  1° c, ft},  ccclustc,r
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li]niting the accuracy of  its V1/1+1  declinatic,n  cleter]oination,
‘ ]  ’ h e  ]IIost ]mcisc V],])]  ~neasurcllicllt  }ias }jccII ac]licved fc,r
0 2  (1111 w i t h  tl]C fc,rvnal u]lcc]tai]ltics o f  80 ]]jicrc).:i]~~ec ill
0,15 xcl;itivctot}lc  cxt]agalactic reference  scIu Ice 1611-1  343; 40
lllicro-arcsec/year ill /1(, , p~ anti 80 IIliclo-arcscc  jr, n. ‘J’]lc $tar
ci2 Crll has  the s]llallest angular separation with  its rcfe]ence
s<)llrcc (0 . 40 )  ant!  has l)CCII  obsc’l~rcd the  ]Iic,st ( 1 2  epoc}ls of
c, bscrvatio]l). h’otc that tl)c fc>llna] ullccrlailjty of tile absolute

2 ~:r}{ is 0,2,  ,,lil]i.:,  rcscc  ill ‘J’al,le I}) larp,er tllalll]ositiol~ c,f o
t}, c relative unccltaility  just cIuoteci fcm ihc relative ],cmition
clf this star. ‘J’his is }., CCRUSC  the ullceltaillty  c,f tile a b s o l u t e
l)osition  of the rcfcrcllcc  sc,urcc  ICI1 l-1343  is ]:\lgcr  t},:,ll  t}le
relative I~ositiolL  unccrtailti,y  of the star.

~. IIi})])nrcos astro]l]ctric pnralnetcv-s  of’tllc li]lk stars

‘J’hc  t w o  }li I,paIcos Iductic>]l cousortia lia\re detell]liljccl  t h e
astrc,lllctlic ]Jatal[lcters of t}ic l i n k  s t a r s  ill t}leir S[l-]]]c)]ltll
s(,lutio~]s clcsc~i}] ccl ill (l<ovale~, sky et nl 1995) slid (I,iljdegrcn
et al 1995), ‘J’hc I’AS’J’ ],a~a),lctcrs  a r c  fro]]] tljc  }’AS’J’  M-
II IOIIt}I  solutic)ll for CIOU}IIC  stars. ‘1’hc hTl>AfU ]>:lr>nlcters are
fI~,],~ tl,chTl)AC~+(]-)l~c,]ltl~ sc,lutic~l,  forclc,lll,lcsta)sfc,r~l~ Arj
a]id }11{ 1099 allcl flo~u t}]c hTIJAC 30-x[Lonth  solutioli  for sill~,le
st:t  Is.  fc, r tllc otllcl  link st~rs. ‘J’a}I]c 2 I,cIc,w lists t]ic foIJtI:i]
uncc:ftailltics  c,f t}ic astrollletric i>:ira]]lctcrs,

Star l’c,sitic,ll
LJI, ccrt.

FAST/  hTl)AC

(1,,:,s)

llX AltI 0.87/1 .60
111{1 099 1 .03/1 .20
111{51]0 0.63/0,70

0’ [: J}] cl.:1.4/.

Qg x 1 0.92/1.10

A}l ],ac 0,59/0.70

IN4 I’cg 0.93/1.1

‘ro Ijcr h40tio1~
LJ1, cert.

<’AS’J’/ATI)AC

(I,,asjy, )

1 .37/2 .00

1 .94/1 .80

0.76/0.80

1 .?3/-

1 .37/1 .60

0.98/1,10

1.10/1.40

Iig. l’arallax
lJncert.

‘A S’l’/N1).AC:
(1,,,,s)

1 .01/1 .70

1.25/1.50

o.9G/l .1(1

] ,07/.

1,19/1.30

0.78/1 .00

1.26/1,40

‘J’al)lc 2 :  F’ollr,  a] ullccrtaillties  c,f t}, c llipi, arcos  astrol[tctric
w:~~lletcrs for  the link st:lrs fmu the  30-] IIonth sc]utic,]ls c,f
the two IIi])palcc,s  clata  rec]uctioll  collsoltia.

‘J’ILc al]a]ytic  exl, allsic,n c~f ccluatio~ls ( 1 )  a]icl ( 2 )  }j:tvc }.ICCII
ca>!iecl out ancl the 4 illdcl]c]ldellt  ecluaticl]ls fc,l cac}j li]lk star
clclivcd.  ‘I’o first order w,ith rcs])cct  to the sIIIall rotatio])  a]lgles
,41,  A2,  A3 j]l  ]adia]ls  aIIcl  sIIIall  rates ,hl, ~2, A3 in radial, s/yr,
they arc :

Ac~=  A1ccmcztan  6-}  A~siucxtan3- A3 (3)
A& : -  Alsi])cx-l A2coscr (4)
AIJ,,  =  ~lcosata],  d-1  Azsi1,0tan6 A3 (~)



‘ 4

A}{b z .  fil sil, a -1 ~g cosa (G)

wl)ere Aa = Qurh’  - clh~l,,  Afi J t,j~~~  6/Lij,,

A} I<, z Ilcr,  tibi //&,  /,;,,  aIIcl A/[J , 1{6, Ul[li  -  )16, }1{10.
A l ,  A?, As aIe the  3 rig}lt-ha~, cleci rotation  an~,]es arc]ulid t h e
X.,,xjs (,, : oh $: 0° ), y-axis  (c, = GJ’ f = 00) ,  z -axis  (6 z 90°
dirwctic,u) {0 }lrillg the lli]~parcos  franic into  coilicicle~lcc w i t h
the  \71jl~l ]cfclcllcc  fral]lc  and ~11,11~,~~  arc t}lc 3 assc, ciatccl
]atcs o f  rc,t:ltic,ll, R’ith  tl]esc  dcfillitiolls,  t h e  Inatrices clf eqs
(I) aIicl  (2) to tral,sfc,rln  the }liI,Ilarcos  fralnc il,tc, the VI,l{l
ICfclcllcc fra]lle  alc :

(

1 A 3 -  A2

[JI’(1,,)] -As 1 Al
A ~> Al 1 )

(

o A3 - .Az
[ii] : - & CI Al

A? -A] o )

‘J’hc V],]]]  aIIcl IIi],]}alcos  I,ositions  arc h e l i o c e n t r i c  a))d
tl~e 4  irlclc],c]lclelit equations above  (eqs 3 - G )  call be USCC1
directly with JLO ]~arallax  correction at epoch to. At ]Jrcscntj  the
ast, rol, ~ctlic l]ara]IICi,eIS arc available! fol 7 lil~k stals CCIIIIIIIO  II

tc, I,otl!  t h e  V1,IJI  a]]d I{’ASrJ’  a]~d f o r  6  li]lk stars CO][I]I)C,N
t o  l., c]th the  VJ211 a]lcl N1)AC;. ‘J’IICSC  astlomctric ])aralrlctcrs
allcl ccl. (3-6) h a v e  bcc]l Uscci to dctcl]llinc tllc 3 an:,lcs  o f.,.
lc,tatiol~ Al ,  A7,  A:; a]ld tllc 3 r a t e s  A l  ,  A2, A3  c,f tllc tMFO
lllatriccs [l{(t(, )] a)ld [~i] fo~. }1’AST and  AT I)AC  by a wci Chtccl
IC:,st-s{lll:trcs-fit. ‘J’hc fittccl paralncicrs, the cc)] rclatic,n  II,atrix
aIIci t h e  I>ost, -fit r e s i d u a l s  arc  ill ‘J’ables .3 a]lcl 4 fc]r }’AS’J’
;I])cI NI)AC; , respcctive]y. ‘J’hc goodlicss  of fit (defined carlicl)
l!c~ll]la}i?t[l  \vitll tllo IIullll)cr  c,f dc~, tccs  c,f frccclol!l is  close t.c,
ul~ity  fol tl]csc two solutiol]s. This was acllicvccl by tfvcakil]g a
frw of ill{: n ,r, riori  ]jlc:isulell!c~lt  ul, ccrtailltics  usecl as w,ei~,], ts
ill tllc  lca~t-squares-fit. ‘1’able 5 shows tllc  lllulti]~licativc  factors
c,f t}lc lnoclificd unccrtainiics. AT

O acljustlllcllt  was ~Iccessa]y fc,~
tllc  a priori IIlcasurclllel]t  uncertainties of tl]c j}ropcr II,otiolls.
‘J’he forllal u n c e r t a i n t i e s  o f  Al , A2 ,  A3 a]]d ~l,~z,~~ ale
abc, ut 0.5 IIlilli-arcscc  a~)cl 0.5 mi]li-a]cscc  per year for }1’AS’1’
(’J’a},lcs  3) a],cl for N1)AC; (’J’able 4),

‘J’able 5: h4ulti},licative  &actors t o  l]~ake t]le ~lorl)]alizecl ~.,c,cl-.
IICSS  of fit uliity  in sc>hring for t}lc ]ink ]Jaralllctem.  oo is the a
},riori lllcasurcll~cnt  ullccrtailjty  col)lbjllccl frc)lu ]Iip})arcc,s aIId
V],]]]  i]litial  ul, certaiutics.

‘J’IIc ] c,bust~!css of t lIc solution has bcc]l testccl  by s} Jlit-
tiltg the 7 )’AS’J’  ]illk stars into  tw,o illclcl)clldallt  sut,scts,  01, c

with 3 stars (IJI{IoW,  11}/5110, Al{ l:(c) a],cl o,,e with 4 stars
(UX Ari ,  0 2 Crll, ~y~.~1 , lh4 l’c P,). l<c, tatic,li  an~,lw. and rates
h a v e  bccl] solvccl fc~r wit}l t}lcsc 2 subsets alicl cc,l]l]>arcd. ‘J’he
difl’ercnccs ale nc) lnc~rc thal~ tllc cluaclratically  coll!bined  UJI -
certaihtjcs  of tile  2 solutiol]s  (see “1’ahlc 6).

A l
A 2

A3

A]

Ap

A:,

])ifj’crcliccs  l)ctwccl,  sc,lutic~lls
FAS’J’(3 sials) -  FAS’I’(4 sta~s)

-[ 0.53 m (1. [,(r
0 . 4 8 - 0 . 5 0
-1 0.0s - 0 . 1 0

-11.17-1.00

1 0.{)1 ,’-’ 1.00

-1 ().54 r’d (),50

‘J’ah]c  G : l)iflclcllccs l~etwccll the al!~,]cs :{IIC1  rates c,f r o t a t i o n
clctcrl]~i~tccl aftel s]]littil~g the 7  l’AS’J’/VI, li1 lil~k s t a r s  il~tc)
2  illdc]]cllclellt  sul)scts  of 3 allcl 4 stars. !I’lIC syl!jl)c~l o is t]ie
qulclratical]y co~r)l.)il!ecl uncertainties c,f the 2 solutions.

‘J’hc 3  all~,les of rotatioli  :irc consistent with  tllc cx],cctcd
values  sillcc  the I{ ’A SrJ’ a]icl hT1)AC; scllutic,l]s are :tlig]] ccl upc)n
a  qrccrsi-1’K5  Icfclellcc fralnc. A]id tl!c 1’1{5 itsc,lf i s  a]i~:llcd
ivitll t h e  V],]{] rcfmcncc  flalrtc wit}lil( 7 0  lnilli-alcscc as  cs-
till~atcd  I)y eally  less l>recisc VJ,I{] ]>cmitiol~s :L]IC1 IIclrcleaux
1’1{5 o])tica]  ],cmitiol,s o f  7  s t a r s  (J,cstraclc  et 01 ]!)88), a],cl,
Iecently,  I)y colll]]arillp, tl~e VI,II1 .3TICI 1,’}{5 o]~tical pc, sitio]is
c)f t h e  su],cr)lova  Sh’1 !)93J (I;uba]jks  1994). ‘1’llis dc~,rec o f
alig]i~)]e]lt stc  IIIs froln tl!c ori~illal  IIjctltocl aclclplcci t o  fix tllc
a~}jitrary  origin  c,f t}lc VJ, }{l ri~,llt -asccllsic,  ns w i t h  tllc lul~ar
c~ccu]tatioll  ])ositioll  of the raclio q u a s a r  3C273 (lla.zard et al
]97]).  ]], t],  c c,~iq,ijlal a]lalysisj tl}is ],c,sitioll is ]cfc]led to the
lu]!ar  c],l]elllcris  lcfelellcc fralnc lvhc,se dyjlalllica]  equinc,x i s
},y construction] clc,se to the ~tiea]l ecluil]clx c,f the stell:(r  catalc):,
1’1{4, ancl sulmquently ?’}{5.  An cfl”c,rt  c~f d i rec t ly  lil~ki~~g t h e
V],]]]  extragalactic rcfclel, cc fra]r, e to  tile  1’1<5  l,as also hcc]k
cc,l!cluctecl by ])llc,toS,raIJllic ~~lates of 28 racl[o quas, irx (hfa  cl
0/ 1990).

‘i’h C r’~tes Of rC1ti+tiOI1 arc tlalCly si&llifi  Ca]lt It t}l(?  ().6 llli]]i-
arcscc/yr for hlJ)AC  :(]lc1 o]~ly tlic rate A:+ is sigiliflcarlt  at tllc
ICVCI of 30 for  I’AS’l’. “J’his ],lc:~]ls t}lat tl, c prc,ccclu~e u s e d
j)] the  }li~jparccls clata  recluctic, ]i tc~ stc)p the  rotrttioll  c,f t h e
IIi],l,arcos s]lhcrc  is cflicicl]t.  III spite of t}, is lesultj  jt is difficult
tc, cliscuss tc ,  whic}l clcp,rcc t}ic }’1<5 fralllr is illelti:,]  I]ccause
aTLy  ]Iossil]le lesiclua]  lotatic,~l o f  t]ic 1“}{5  is cc,l,l}}j),cc] V.,jth
au equally  possib]c  residual lc, tat, ic, n illclucecl ljy the  J)loccclure
usccl to tral]sfonll tllc  lli])]~arcm  fral)les  to  1~’K5.

‘yhe va]ucs fc,ujlcl f o r  ,41, A2 ,  As  a]ic] Al, A2,A3  am dif-
fcrcllt  whet  hcr 1’ASI’ c,r AT] )A(:  cc,c,rdil, atcs arc  CC,l,]]I:,TCCI  to
tllc \Tl,lll cc, clrclillatcs c,f tl~e lirik st:lls. ‘J’l~is is expcctcd  b e -
c a u s e  cacl I conso]tiul]l  has ali~,ncd tl~c llipparcc>s  cc)ordi)lfite
rcfcrcllcc  flalrlc  u]~olt  t h e  1!’1{5  by using  i ts  owl) illclcpmlclalit
plc, ccclure. Valious  clciai]s  c,f this ],r-occclure sllc~ulcl accc, ullt for
tl, c difl’crenccs fc]u~lcl l)ut it was l~c,t stuciiecl.

‘J’he ]Jost-fit  residuals arc) ]istcd  scparatc]y for o, d, P,,, J{6
and n in ‘1’ablcs 3 fiuc] 4. III tllcse tables, the a p)iori lllcasurc-
I{!cl(t ullccrtaillties  usecl as w’ei.gilts in the fit arc also g,iven in
]]arcnthcscs  IIcxt tc, t}lc corlespo]idil,g,  ]~ost-fit rcsidl]a]s,  ~’}lc
colrc]atioll cc,cfliciclit  II)atriccs  ill I’ab]cs  3 aTLcl 4  SI1OW t h a t
all t h e  rotatic,n  ])aral[letc~s  a r c  vi,c]l scparatccl.  ‘J’]Ic pc,st. fit



]csic]llals of t)ie coorcii]]atcs a]ld l)ro],er  lnotio]i cc)  Yt)po]]c]lts

after  the acljustmmlt  cd the global  ro ta t ion  indicate  that the
c o n s i s t e n c y  b e t w e e n  the }Iipparcos  ancl Vl,}]l  techniques is
at tllc  lnilli-a]csec  lCVC1. ‘J’his is th~ first  crcms-check between
thcm two astrc,lllctric  tec.huiqucs  of coln],arable },recisic,n. Ancl
it iS lZlth Cr 6ati$fa Ct0ry, Cs~Ccia~]y ill viCw of thC fiCt  that the’
a$t~ol,,ctric  }~ara~llcters used are frc]ln ])r Cl\lll\llary  reductions
c,f the data for bot}i tecl~niques.

,:.l~!,:r,l lc.:t-,cju..]c-fit  sc,lutic)u,  :

1.OD -0. ?3
-0,23 I,@@

(,.=).3, (E( 4.(1)
1,72( 1.1)

-0. fl( 0.5)
2.?)( 2.(1)
(,. >:’[ 1.5)

.0,3 [’( 0.()
-0.34(  1.1)

(,’?$)
0.10( 0.7)
3.49(  3.2)

-3.11[  3.1)
0.70(  1.0)
1.97( 1.8)

-0.47( 0.$)
-0. C9( 1.0)

(n(,3s/yz  )0.15( 0.9)2,?6( 2,1)0.75( 0,$)
0,?7(  1.2)

-0, P5( 1.4)
0,23[  ). [,)
0.50(  1.2)

(.,./Y,  )1.5C(  1,<)-2, <0[ 2.0)
.0 ,56{ cl.?)

Cl .$:( 1.C)
2.1(1(  1.2)

-:8. E4( 0.s)
-:.52( 1.2)

‘ J ’ [ i i , .  3. \’1,)11-FAS’J’  sc,lutiol,: tlie 3  angle! (Al : A,J, A2  z A2,
As T A3) a],d tt1c3ratcsof rot:itiol,  (}’Al, AI, 1’A21 Az, 1’A3: As)
L,etv,ccl)  tl]c }Iil]l,arccls  arid Vl,lll refcrc[!ce  fra]l!es have }.]cCII  clc-
tcrlt}it,ecl ~!iti, 7 liljk stars. ‘1’hc  }Iipparcos  asirolllctric ],arall]cteri
o f  tllesc  stals arc  froll!  L.l!c  30 rno)tlli  sol I]tic,JJ for clou}IJc  sfars of
tlIc rcclktclic)l] cc,ltsc,rli~l!ll PAS’]’. ‘J’l Ic cc]rre]atior,  IIiatrix :,IIC1  ]~c,st-
Jit resiclui(ls  arc  g.ivc]i, A p r i o r i  Illcasurell)eI,t  t)r, certaintic.s  useci  :,s

wcigi~ts fc, r tl}c icast-sqllarcs-rlt  arc ir] ])arc]lt}]esis  IIext to ti)e cor -

rcs}~o]icii)]g ]~cmt-tlt  resicluals. ‘1’he  rir, glcs of rot atic,l, :ire cis. ter],,  incci

r e l a t i v e  tc, t}, c V],}]] c,xtr:igalactic  fralnc  clefi]lcci  }-Iy tlIc  lI~; l<S Vl,lll
cocwclil, at[s of tl)c reference  sc,urces  of ‘J’able  7.

‘J’hc efi’c,rt to cletcIJIIine  t]ie VJ,II1 coc~rdiuatcs  clf the rcfcrc)lcc
cxtrzigala  (tic. sources associated w,ith  the link stars ],as }jCCIL
cc,nciuctcd with the I>ccp Space  hTctwc>rk c>f J} ’],, hTAVNJ,;’J’
l~ctwc,lk cf 71SN0 a]ld C;l)l’/l)0S}I;  I)ct\vc,rk o f  hTASA.  ‘J’he
tcr]ni)lolcl~,,y  ancl cc~rlccI, ts usccl hereafter, rcfercv[ce  systcl I),
refcre~!ce  frn?ile,  rcalisaiio~l, arc bclrrowrecl  frc>)n  Kovalc\,  sky
:LIIC{ h411e]ier (1981 , ]989).  Valious  V],]]]  groul,s  arc ]mrfcctillg
rea]isatic,lls  ofthc VJ,}I1 extra galactic reference  syst,  c~]l(Sovcrs
]gg]  , h4a ct crl IWO, k;ubarlks  et cd 19$)1, Johr,  ston  et cd 1W4).
‘J’he rc,su]ti]lg V],?]] extraga]actic  refcre]lcc  fral]]c.s arc. co]~sis-
tc]lt  at the 0.5 IIlilii-arcscc  ICVC1 after removing a glc,ba] rotation
Iwtwccn the two indel>cndant  reference fraxl,es clctcr]nined  by
tile Jet 1 ‘rc],ulsiol]  ] ,aboratory a~ld (;odciard  S1,acc 1,’li~llt ~eI~-
ter as IIlcntiollccl in the introcluctio~l  (Jacobs 1!)94). ‘1’hc ~lc>bal
c,riclltatic,n  of rac]l realisatio~i  is usually difi’ercllt by I - 5 rllilli-
alcsec  bcc; juse of art)itrary choice of c)rig ins in t}ic ~!loclcllill~,

/,1 - -]9.  ;E 4,,- 0.;<  “.,
;:, . -R. F3 -,- 0,(2 n,.
,., -, ~ >1 ,43 .,, . [l. -/u ,,3,

1 /,1 - -C, .C5  .,- 0,<1 “.,./y,
IA? - 0,<>  .,. (,. ( O mr./yr
TA3 = [’. <[1 -,- 0.?4 “c../y,

cf the data. ‘J’IIc IIltcrllatiol]al }J;art]l l{c,tatio~l Service (1};]  {S)
ltas IIlailltail]cd  a fixccl oric~ltatioll  fc,r t h e  li;l<S  Vl,l]l exira-
~,alactic  rcferelicc  fral]jc  over  the  las t  few yeals ill cc,]ll})i]li],g

lhc realisations ]Irocluccci l.,y t]lc  various \71,}11 grc,~lIx (Arias,
l’cisscl a]td l,cstraclc  1 9 9 1 ) .  ‘J’IIc III;I{S cxtragalatic  rcfcre]lcc
fIa IIIe is likely to l~e tllc  rrlost stable a]Id CICIISQ  fra]!)c, IT) t h e
ar]alysis  ]}rcsel, tcci ],cre, the absolute VI,III pcmitioll of each
lil, k s tar  is  clcterlnineci  b y  aclclillg t}le l,leasurccl  clitl’erel)tial
cc~orcii~~atcs  to the 11;}{S  \TJ,}lI coc,rclillates  c,f i ts  associated
cxtrag, a]actic  referclice  sc~urcc. Mc,st o f  t}lcsc coordil~ates  are
ado]) tecl  froln tllc 11!;1{,S A)]riual }{er~c,rt  for ]<]<)1 (]>llblis},cc]  i),
1!)!)2 by tllc Obscrvatoirc cle l’aris) ar]cl aJc listecl ill ‘J ’able  7 ,
}JC)WCVC1,  c,rLc source (1955-  I  335)  IIas c,lily lccclitiy i)ccli ll]ca-
SUICCi accurately }<y t h e  ~lSN[)  V],};] net~vclrk  liAITh’f+;’J’ and
])aS }wen SUt)SCCIUCJ1t]y  rotatccl  tc) t]!c 1};1{S  cc’Icstia] f]:,,,]e.  ‘J’he
a])~:lcs c,f fc,ti,tic,~l A1, A2, ,A3  ill ‘J’alIlcs 3  :IIId 4  a I c  directly

lclatccl  to the  set  of cc~clrciill:~tcs  c,f ‘I’:l}. IIc 7 ivhicll cicti]!c tllc
VI,l  I1 extlagalactic  lcfercnce frall)e  tc, wl,icll }Iipl,alcos  ulight
ljc linked  at this stage }jy usi~iS eqs (I) a]lcl (z). ‘J’lLC rotatiol]

1ali~, es al]ci ~ates a~e a l s o  sl]ccific  t o  t], c 30.lllcillt]) scj]ltlic,rls
l,ro\riclccl  hy the  tw,c, lJiI)~]:trcos co], sc,rtja  ITAS”J’ ar, cl Nl)Ac.
‘J’hcse solutic,~,  s will L>e supcrscdccl  hy c,tljcr solutic~l!s incluciing
the 37 rnol!th data set of the C@lHJ>]Ct  C ]Jil,l~alcc,s IIlissioli for
t}, c rclcasc  c,f the catalc,g.
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Nalllc l{i~ht  Asc. (: I u,, cm 6)

h 111 s (mm)

032 G-I 278 03 2S157.(i6!1412  (0.42)

0336-  01:) 033930.937774 (0.18)

1315-1346 131736.494214 (0.18)

1611.1343 161341.064256 (0.18)

1!)35-1 335 ]$s5740.54<)94  (1.20)

2200-1420 ?2. 0243.291377 (0.14)

2251-1 J58 22 53 57,747{144 (0,18)

liable 7: 11(;1{S Vljl\l coordina tes

])ccli]latic,]l (, I o~)

0
‘ “ (11)3s)

-12’75615.49912 (0.32)

-01 4635.80336 (0 .18)

-13425 15.9326G  (0.24)

-{ 34 ]2 47.90ss9  (0.19)

+ 3338 ?7.{1458  (1.20)

-142 ICI 39.{179{)5  (0.17)

-I 160853,56114 (0.17)

12000) aIICl ul]cerlaillties

(: I 00 cm 8 and :1 OA) of the cxtra~,alactic  re;crcmce  sources used
ill the a~!alysis. Most of tllcsc  coordinates arc frc,ln the 11(;1{S
A]l]iu:tl l{cport  for 1s]9] (~,ublisliccl in lg~z  lJY the ObseI vatc,~y
c,f ]’aris).

A trigollol]~ctric  ],arallax is illv:lriallt  with respect to cc,o~dillatc
syst  Cllls and illc IIi])parcos  and V],}]] v a l u e s  call bC clilcct]y

cc)lt]~)alcc{.  ‘J’al,le 8 sliow,s tlie clitl’cre]lces }Jctwec]l  V ]  ,111 a]Icl

F A S T  as WCII :,S bCtw’C!C!Jl  V1/l\I and N1)A(:.

Nalllc!

(IX Ari

I1I{109SI

111{:) 110

02 (:rll

cly~ xl

Al{ ],:,c

1h4 l’cg

llle:tll

rl)!s

IIlca]l (110 02 C:ll{)

11,1s (110 o? (;111)

n FAS’J’  -  V],}{]
(J,,aS)

-10.08:1 1,04

-12.47:1 1.30

- 0.34,1 1,20

-13.41 :1 1.07

-1 1.30:1 1.25

- 0.01 ,1 0,<10
- 1.(’I4 ,1 1.40

-10.75

1.01

-{ 0.31

0,89

n hTl)A~ - V],]]]
(nlas)

- 0.50  :} 1 . 7 3

-10.85:1 1 . 5 9

-10.04:1 1.32

-/ 0.9!) :1 1,36

- 0.15 II 1.08

- 1.95 ,{ 1.43

- 0.12

0.68

‘1’al]]c 8 :  coll!])arisoJl  bctwcc!]l the v],)]] a n d  IIip])alcm
trigollo)l~ttrjc  parallaxes. ‘J’he uncc~tainties quc,terl arc t h e
square loot of t}le quadratic sum of the IIipparcos and V1,II1
ullccrtaintics.

‘JIIc clifl”crenccs  arc  close to 10, except  for II I<1OW  (20) and
02 (;]}1 (30) of FAS’J’.  Note  that llltl OW] and 02 C;rll arc clou-
blc stars il] tho  field c,f the IIipparcos telescope aIIcl note  also
t])at  t}tc V],l{’f ])zira]lax o f  lh4 ]’c~ }l;, s bCCII  (]ctcr~lljllccl  ~i,it}l

CJIJ]y  4 VJ, J1]  C1)C,  C}IS of c,bscrvatjor)s  W],i]e t}l C ot}ler stars h:iI,c

CI V],]]]  e]mclis or ]Iic,re. ‘J’wo aclclit ic,~la] V1 ,]11 c,bscrvations  of
lh4 ]’CF, ale plal)l)ecl ill 1994.

l{cfore  the release  cf t h e  fil~al llip~la[cc,s catalc?,  ill 19$)6, scv-
cr?d il[i]l~ovcll(c’lits C,f t h e  ]lrc’li JIlinary )’], ?1] liJ1k presm!teci  in
t h i s  pa},er  will bc lrIade. First, tlicle will }le l!(w s o l u t i o n s
frol,l the IJi],parcos  reduction collsc,rtia  with tile ro~l]plctc  37
II}ollth data set c)f tlie  IIlissioll. Secc,]icl, V],]]]  c,l,serv[ltiol,  s :,lld
analysis will be col!j~~letccl.

‘J’here wi l l  lm 4 additiclljal  link s tars .  V],}]] o}]selv:,tjol,s
clf ]I])1!N178  and ]] IJ283447 a r e  bcinf, cc, JII]>]cted i n  1994,
t}lc l!lu]ti],]c  systc’lli AIco1 IIC’CCIS  spccia]  trcat]nclit  t o  accoulit
fc,r i t s  1 . 8 G - y e a r  c,rl~it ill t}lc link a]]d V],]]]  o}~servatiol, s of
1 ,S1 6)3(I3 aTc l)eil,~, rwcluced.

‘J’hc },ositicllls c,f the  extlag,  al:tctic refercncc sources
19L5-} 355 (fc,r ~y~  ~1), as well as 0241-I G22 (for 1,S1 61303),
0105-! 305 ( f o r  111 J283447) :,I,c1 21 CK-I 4G8 (fc,r }II)IS)9178),
ll[i~ht  illJ1>rove to tile  s~ll.~-lll illizirc:eccllkcl level, si)]~il:tr tc) the
other lefme)lcc  cxtrap, alactic s o u r c e s ,  with  e]ioug,l[ v],}]] ob.
s(rvatic]lls  of tllc I) SAT) hTAVh’l~;  ’J’ aIIcl NASA lict!~,c,rks.

Valic,us  ilr,])lovcl,,cl,ts  c~f the  lliod[l  c,f tl, c i]ltcrfcrcll,,  ctric
l,]lase  ill the softwalc  SI’ltl N’J’ used to dcte~lllilje  the difter-
c~ltial cc~ordi)latcs c,f the ]ink stars wi]l IJc iln}]]ell!cllted.  ‘l’his
\\fill i~)l])rc,ve the tro])c,sljlicre , iollosl)hele  a]lcl scIu Jce structure
cc,~rections.  A ?,lohal rc-rccluctic,  ri c,f all the  Vl,lll clat:~ will bc
c:ll-riccl c,ut lvith i.his ill]]lrc,vccl  sc, ftwalc and full cc,llsistcncy
between the  11+;1{S tcr~cstria], cartli oliclltatioll aIlcl celestial
sY~~ClllS  will also he ac}liev~d.

Nciuations  ( 1 )  :t~,cl ( 2 )  al, cl their analytic for])] (CCIS 3-6)
\vill bc ~!~oclitlccl  tc, i)lclude  tl)e ~,,o]e p,cj,c.la] c;,sc W],clc the

CIIOCIIS  o f  t}ie VI,])]  cc, c)rdi]latcs  c,f t}le cliflercl,t  Ii)lk stals are
nc)t iclc]ltical.  Since VJ,III  olmervatiolis  for  each s t a r  a r e  uli-
cvenly  clistrit]utecl  between 1987 :i]icl I!J94 (SCC ‘J’able la), thcJ
c,]]ti]na] e]~cIc)I to lninilliisc  the cc,v:iri:i~ice bct}vecll tllc  VIII]
astrollictlic ]>:~lalllcters c,f each link st:~r i s  t]]c II]id.dz,te  C,f
tl!c obselvatic~ll s]jali wliiclk clcm IIc,t u s u a l l y  coi]lcicle wit}!
tlic  cl, c~ch c~f the lli 1,1, i,rcos cc, c,lcliliates  at 1$1!)1  .25. l’lojecting
tllc \rl Jill coc,rdi]lates  t o  1 9 9 1 . 2 5  wit}! ljrc,l]eI lrlc,tic,lt  as ill
the ],resellt  analysis ilimcascs  the  Vl,lll coolclill:ite  uncertain-
ties. Fc,r i)lstallcc,  tl)cre  a r c  2  y e a r s  bctw,ccll  t]lc j,lid.cl:,t~  o f
tl[c VI,I{l obsclvatic)ll  spa]l of }lli51 )0 allcl 1 9 9 1 . 2 5  arid  t h i s
i n c r e a s e s  the VI,])] cc)c]rdit~ate  ul!certaillty  c>f this star by  20$%.

IL is exl,cctcd t}lat all t h e s e  i~l!I,lc,vclj]cllts \vill ric]t drfisti-
cally  )tloclify tllc  v a l u e s  c~f the  rotatic,~i :IIISICS al~cl latcs but
t}lat tho c.o]]sistcl!cy hetwccll  tlie  IIi~,I,  arcos  a]irl \rI,lll astlo-
IIlctric  results will i~llprove. AJI i~!l])o~tallt issue  IIc,t$,evcr  i s
tl)c arlo])tioll  c,f a “coll~’e~ltiof!:tl” V],]{] ext]figalacti( refcrcllce
fl:tll,e  to wl~ich tl~c 3  lotatic,ll  ali~lcs :IJC ]cl:itccl.  ‘1’}ie 1};}<S
\~l ,111 cxtlagalacfic rcfclcncc  fr:ill}c aclo]~tecl  ill this al, alysis
]las t}le adva IItagc c,f beinc  cc)]) sistc]lt w i t h  the 11;1{S terres-
trial rcfcrerlce  frallle  allrl the IR?{S ca~th c,lielltaticll p:iratneter
sc]ics  thtit lr]ust l)e USCCI  i~l t h e  Tl)ost dcl[l:lljdill~, a~~]jl ications.
‘J’IIc IP;I{S  V],])]  fra~,, c c,f t h e  AIIIIIJ:tl  l{cport fc,r 1$101 (pub-
Iisl,ecl i]{ 19<)2) u s e d  ill the  a~lalysis is ],c,t ex],cctcd  to clifl’er
si~llificantly  in ~lobal  c,licntatic~l~ froxn lilc~rc leccnt realisatic,  ns
of the ]}{; I/s VJ,?II extra galactic. fralne. ‘J’hc c] IaIigw froll) ye:ir
to year are rather the clel)sificatioll  c,f tllc  11+;}<S  catalc,g  and
ilrl]>rovclnellts  of coc,rclinates  of individual sc,urces.
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‘J’lic  ],lesellt li,,k  t>ctv,ec~, t h e  IIi],parcc,s  ol,ticril  rcfcr-
cncc  fIc\lllc  ancl t h e  VI,ltl f r a m e  i s  colll]}lm]lclltary  to the
li])k ~)ctwecn t h e  CIYJlalI)iC~]  I-efercllce fral!,c  cd t h e  p]a]icta~y
cl~hcmct’ides aI1d t h e  )7],]1] fra!!ie  r’cceut]y detcrn]incd  at 3
IJlil]i-arcscc  l e v e l  b y  l“olkller et al (1994). T h e  cc,lrlbinatic,ll
of tllc  t w o  links  yiclcls sirai~,}ltfc, rm’a]clly a high -]mcisic~u link
betweel,  the IIip]latcos a]~d planetary rcfcrcl~cc fraules.

~’hc lliI)]]arcc,s  lIIJ)ut Catalo~  co]lsc,r(iu]]] IN’CA  IIas clraw]l
u]) a list c,f abc)ut 300 ractio-c]nitting  stats cjf vtirious  ty]lcs  tha t
IIavc lwclI observed  by  tllc  satc]lite. T}IC selectic,l,  critcl ia of
this list  arc  su]nmarised ill Argue  (1988). \Valtcr,  IIerillg  alicl
dc Vcgt (1 9$10)  h:ive coln])ilecl c,ptical  allci radio  infc~rl]~atic,])  cln
186 radio-  elnitti]lg stars cbselvccl  b y  Ili])parccm.  ]n additiolj,
Wendkcr  (1987) i s  kcwl,ill~ cul~ellt  a  cc,lll J,ilation  c,f radic]-
clnittillp.  sta]s wit}l  ~nole thalt  8 0 0  clltlics ]Ic,w. I!otc that,
the lar~,c raclio sc)urce sizes (().1”) of a flactic,ll  c)f tlicsc  stars
(tt,cr,,,al) are l,ct suitallc fol \’1,l {1. Ncvc]thclcss, tlie \71,1{1
:Ist)c,]rtct,lic ]IIOp,Ia III cou]cl bc extcl Idcd to lnc)ltitc)l 50 c,r l]]c)~c
lilik stals tl, at slIcIuld ilnl,lovc  t}ic lil, k betv,,ecll lliI,],arcc,s  a], c]
the cxtla~alactic  back~, rc,u)ld }Jy a factor of R, 3 in l,rccisic,ll.

Ack!~ou~/c~gc?/~ct~ts.  \\)C  ackucwlect~e  t h e  $tlc!lIUOUS CflOltS })y

tllc  stafl’s c,f t.lle I>artici]];iting  olmcrvatc,ries  of the  11S V]jlll llct-
wc>rk (VJ,l  IA, IIaystack,  C.reenb>,llk, Very l,ar.gc Array,  C)wcIIs
Va]lcy, II:it (;reck a]lcl lkc]> Space  ATct}vork), of t}, c llh IIo-
]Ica Ii VJ,}II  hlctw,clk  (I;on],,  hflcclicil,:t, h~otc,)  :IT,CI  of t], e \~J,llJ
1  ‘roccsscr  at IIaystack t o  su]~port tlkc ]na]~y l~c]urs c,f obser-
vation  al]d cc]rrclatic,  ]l for this ])rc,gra~n. \\Te ale very  ~,latcful
to the Ntii, ionai  Radio Ast~onoll,y  llaclio  Observatory fc, r tile
ilrl]]oltallt  tilnc al]ocatioll  0 1 1  t h e  IIC’W VI,I IA alltc’llllas uli -
cicr prc,~,ra~jls  111, ] a]ld J\l,2.  The hTational }{aclio Astronmny
C)t,sclvatory  is ol>cratccl by Assc,ciatccl Llniversily,  ]nc., ulidcr
coc~]~crativc aCrcclncjLt wit}i the Natic>Ilal Sciences  Founclation.
\Vc t]lal,k  }’elicitas Alias, Nflartille Foisscl  aIIcl  l)cl!isc  }louquarc]
fc,r tllcir hell,  j], ~.et. ting  t}, e col,sistcllt  set  c,f coorclina(es  c,f
‘J’aL>le  7. ‘J’hc research clcscribcs  in t}]is report  was calriecl  out,

jll ]Ia Tt, lIy the Jet l’rc)])ulsion l,a L)o~ atory,  California l)lstitutc
c,f ‘J’ech Iiolc,gy,  uliclcr contract with the hlatiollal  Aerc)llautics
aIId .Sl)ace Acllr]illistrat,ioll.
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