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T h i s  p a p e r  o u t l i r ~ e s  1 1 1 ~  g c n e r c ~ l  tl-lcr,.r-y (:)I VLISI, a n d  
d i s c u s s c s  i  L.; s e n s i t i v i t y  n s  a rnensurc?r~lctnt tnc2l.. 
Spec i  T i c  ~ p p l . j . ~ ; ~ t i ~ t ~ ~  t h e  t ~ . c l m i q ~ i e  c u r r c n t l  y 
i n  u s e  ur it1 a d l ~ a n c e d  11lann.ing s i i ages  w i l l  be  
s1immiirizc.d. 

zii t i o n .  

F i g t i r e  1 i i l u s t r a t c . . ~  t i l e  u n d e r l y i n g  p\iysic:a-I p r i n c i p l e s  o f  i n L e r I c r o -  + 
m e t r y .  Iwn p o i n t s ,  s e p a r a t e d  b y  a b a s e l i n e  R, r e c e i v c  A s i g l l a l  f rom a 
v e r y  d i s t a n t  poinl :  s o u r c e  by way o f  t h e  rxy  p a t h s  s'noinl wit11 t h e  s o l i d  
l i n e s .  I11 t h e  p i 3 r t i r ~ i l a : -  nnsr. sliown t h c  sig11aJ rece ivec l  a t  K2 w i l l  h e  
t h e  saIlie s i g n a l  rcc-.eive.d a t  R1, hilt t i t  A t.i.111~ i t ~ t e r v n l . ,  r ,  l a t e r .  ' l ' i lus  
t h e r e  i s  n c o n s i a n t  pilase c-li I i i - l i -enre,  , L  r / l  , be t:ween rile i i g n n l s  rcc.ei-ved 
a t  t h e s e  L i d o  p o i r ~ L s .  

C h a n g i n ~  t h e  nriylc l)eLwi.cn tlie h n s ~ l i n c  ;-in(] t l ic  sinuri.:c 1-)y :.! 
1) H 

C R I I S ~ S  t l l c  ;~~.I;IsP dkf  f e r e i l c c  i.11 Lfic r e c e  j vcd  s i f~11i1.l s a t  K1 ;-~iid 
K2 t o  b e  a l t c r e d  by  c~11c li;?lf r y r l  c... T1i:s a n g l e  i n r . ~ - ~ r ; l e n t  i s  t h u s  
t h e  i n t c r f e r n r n e t c r  n r l g u l a r  reso lu~ic-111,  wllic:.ll Z R T ~  b c  s t11~;1rcse~nr i~ l  o n  
r a t h e r  ~rlocicst l > a s e l i n c s  a t  t y p i c a l  nlicrowave rrc.qrlexlcics. (See  tlic? 
t n l ~ l e  i n  F i g .  1. ) At ~ r a n s c c r r i t i n t ~ n  t a l  2nd i r i t e r c o r l t i ~ ~ e r l t i l l  b a s e l i n e s  
this r c . . so lu t ion  becomes m i l l  i.:.~rcsec-.orlds o r  l e s s  ( 1  ~ n i !  1 iar t :secorid ~1111- 

teilcls a d i s t a n c e  01 750  ~ n c t e r s  a t  t i l e  sllr-1 3s  viewed fro111 t l ic  ear t l -1) .  
T t  i s  t h i s  e x c e l  1 e r ~ t  a n g ~ l l . a r  r e s o l ~ l t i n r l  wliic-.I1 1:irst a L t  l-nr: t c d  t h e  r a d i o  

I a s t r o n o m e r s  i n  t h e i r  q u e s t  ti, rlnilcrstc~:-ld t i l t .  .r;!:!;i?l sc:,.ile s t r l l c t u r e  cnf 
r a d i o  si7r1rces. I 

I Coup1 e  t h i s  sexlsi t i v i t y  i u  st!i;3 1 . 1  i :h~t~: ; i .s  i n  nrl!;ic :ji.tll rile p c i s s  i vc, 
n e a r l y  a1 1-weather  c t i pab i l  i i y  of a rrlicrowavc l-ec: i+ivir l~ s y s t  e ~ n .  Y(IU 

I 
I w i l l  t l i e l ~  undersCand radio i n t i . r f ' ~ . r i ) ~ n c t r y ' s  p o t c i l t i n l  Tor s p a c c r r ; l L t  

n a v i g a t i o r i  and f o r  i t s  u s e  i.11 t h e  d e f i n i t i . o n  nf a funrla~ncnttzl  c c . l e s t i a l  I 



c o o r d i n a t e  s y s r e m ,  a c o o r d i n a t e  s y s t e m  t i e d  t o  t h e  most  d i s t a n t  o b j e c t s  
i n  t h e  known u n i . v e r s e ,  t l i e  q u a s a r s .  F u r t h e r ,  add  r o  t h i s  tlzc e x p e r i -  
m e n t a l  fac:t t h a t  t h e  t i m e  de l a .y ,  r, c a n  b c  measured  w i t h  a c c u r a c i e s  of 
0.5-5 cni on most. baselines, and you  w i l l  a p p r e c - i a t e  t h a t  t h e  technic lue  
has g r e a t  p o t e n t i  31 f o r  geodet ic :  ~neasuremenLs .  G e o d e t i c  rneas t~remcnt  s 
of  a few c e n t i m e t e r s ,  o b t a i n e d  w i t h  o n l y  a few h o u r s  of  d a t a ,  wi l .1  
p r o v i d e  a new era i n  t h e  g e o m e t r i c  meastlrenient o f  t-lie c r u s t a l  d e f o r -  
m a t i u n s  of  t h e  e a r t h .  

I n  t h i s  t ; % l k  1 want t o  1 i r n i t  myse1.f t o  a p p l i c a t i o n s  o f  VLBI witl1i.n tlie 
S o l a r  System. Whi le  t h e  a s t r o p l l y s i c a l  app l i c i l . t i o t l s  arc. e q u n l . 1 ~  c x c i -  
t i t l g ,  111y t i m e  l i m i t  of one  h a l f  h o u r  p e r m i t s  me t o  c o v e r  on:Ly a p o r t i n n  
of  t h e  f ie.Ld. However, b e f o r e  d i s c u s s i . n g  t h e  s p e c i f  i r :  a p p l i . c . a t i o n s ,  
I would l i l c c  t o  n r l t l i r l e  t h e  d a t a  a c q u i s i t i o n ,  and r e d u c t i o n  p r o c e s s e s  
f c r  VLI31. 

F i g .  2 s c h e m a t i c - a l l y  shows t h e  e a r t h - f i x e d  geonictry of  two a n t e n n a s  
r e c e i v i n g  t h e  r a d i o  n o i s e  f rom a n a t i ~ r a l  r a d i o  s o u r c e  a t  i n f i n i t y .  I l i  
t h e  s o u r c e  i s  n e a r b y ,  s u c h  as a s p a c e c r a f t  i n  t h e  s o l a r  s y s t e m ,  t h c  
c u r v a t u r e  of t h e  wave f r o n t  inust a l s o  be  take11 i n t o  account . .  F o r  na- 
t u r a l  s o u r c e s ,  t h e  s i g n a l  1,s r i s u a l l y  whi t e  n o i s e ,  whi . le  f o r  a r t i f i c i a l  
s o u r c e s  t h e  s i g n a l  i s  n o t  u s u a l l y  p u r e l y  random. ( S p a c e c r a f t  t r a n s -  
m i . t  t i n g  banil-1 i n i i t e d  w h i t c  n o i s e ,  and n n t - ~ l r a l  racli o s o u r c e s ,  e m i t t i n g  
s p e c t r a l  l ines  a r e  i m p o r t a n t  e x r c p t i o n s ) .  Note  nl .sn,  t h a t  a s  t h e  e a r t h  
r o t a t e s  "uncler" t h e  s o u r c e ,  t h e  t i m e  clelay be tween t h e  a r r i v a l  o f  t h e  
s i g n a l  a t  s t a t i o n  #I., and  a t  !I2 c h a n g e s .  

A t y p i c a l  d n t a  a c q u i s i t i o r l  a n d  p r o c e s s i n g  f l o w  i s  o u t l i n e d  i n  F i g u r e  .3. 
E a d l  of  t h e  two s t - a t i o n s  r e c e i v e s  t h e  r .  f .  s i g r i a l ,  d i g i t i z e s  and  t i m e  
t a g s  i t ,  and  cllen r e c o r d s  t h a t  d a t a  on magnetic .  tay~e. .  Tn t h i s  ac.qui- 
s i t i o n  p r o c e s s  i ndcpe i lden t  f rcc luency  s t a n d a r d s  a r c  u s e d .  F o r  c e r t a i n  
a p p l i c a t i o n s ,  s t a n d a r d s  w i t h  a Af/f ,115 x lo-" p e r f o r ~ i i a n c e  o v e r  l-lours 
a r e  ;j.tlequat e .  llowever , s t a n d a r d s  wi.t.11 a Af /f p e r f o r m a n c e  of  ".Io-'"' 
o v e r  n c - a r l y  24  I iours  a r c  r e q u i r e d  Tor t h e  most deninndinl;: of gcodeL..ic 
a p l 7 l i c a t i o n s ,  i.. e ,  measurements of- i n t e r c o n t i n e n t a l  b a s e l i n e s  wit11 
c e n t i m e t e r  a c c u r a c y .  

V a r i a t i o n s  on  t h i s  i j c . q u i s i t i o n  p r o c e s s  do  e x i s t .  F o r  example ,  o n c  
g roup  d o e s  n o t  d i g i t i z e .  Ano the r  g roup  h a s  a l s o  s u c c e e d e d  i n  t r a n s -  
m i t t i n g  t h e  d n t a  b a c k  t o  a c e n t r a l  c o r r e l a t i o n  s i t e  by way  of  a wi.de 
band s a t e l l i t e  l . i n k ,  t h e r e b y  c l . i .mina t ing  tapes.  

By w h a t e v e r  means t h e  d a t a  i.s brougl-1t t o  t h e  c e n t r a l  c o r r e l - a t i o n  s i t e ,  
a t  t h a t  s i t e  t h e  two d a t a  s t r e a m s  are r e c o n s t r u c t e d  sucl i  that. t h e  d a t a  
t r a n s m i s s i o n  p r o c e s s  i s  t r a n s p a r e n t .  S i n c e  i n  t h e  a c q u i s i t i o n  p r o c e s s  
t h e  s i g n a l  arri .vec1 a t  s t a t i o n  111 a t  3 1 1  i n t e r v i l ,  7 ,  ahend 01' i t s  a r r i -  
v a l  a t  s t a t i o r ~  !/2, i t  i s  n e c e s s a r y  i n  t h e  r o r r e l a t i - o n  p r o c e s s  t o  d e l a y  
t h e  d a t a  s t r e a n )  f rom s t a t i o n  ':1 by some estimate, T of  t h e  a c t u a l  

(11 ' 
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d e l a y  i n t e r v a l ,  Y . OtYlerw.Lsc, tht.1-e wo1.11 d b e  110 c o r r e l  a t i o n  h e t w e c n  
t he  b i t s .  

TII 17 igu re  3 o n e  car1 i n t u i t i v e - I y  s e e  tl l t l t  i n s e r t i n z  ~1 d e l a y  i t 7  t h e  b i t  
streti111 c o ~ n i n g  f rom t i l e  t a p e  oh t ; l ined  ;it t l i e  1 . c i t  1l;ind s t a t i o n ,  i l l ,  i s  
e q u i v a l e n t  t o  moving t h a t  st.ati.011 a l o n g  t h e  irlcoming r3.y 173th u n t i l  
t h e  s i g n a l  r e r e i v e c l  a t  tli:it stci ti011 i s  i n  t-inie c:c~irlcidcncc w i t h  t h e  
s i .gr lul  rec :e ivcd  a t  t h e  i ~ t l i e r  : ; t , i t i o n .  S i n ~ : c  tl.ic c c c r r e l a t o r  i s  f r e e  
va.ry t h i s  11loc1e.l cicla!., <3ny urllini.~!ni --,-, , c a n  i!lus be deLcr-mined. The. 
b e s t  e s t i m a t e  oi: .-,, is t h a t  ni :~di i :  iicP;3?, :.,, wlii rii :lives l:.he maxirnum 
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c o r r e l a t i n n  betweeri t l i c  si:<ri;~l.i, r * c e i \ ~ c d  ;it t.lle t w ~ . )  s t a t i o n s .  

Onc f u r t l i e r  r-nmpli c:r~[i.on, iiowever , i s  t l i a t  t i l e  nc.~i . :a l  de1 a y ,  T, i s  
c h a n g i n g  w i t h  tirile tis t h e  e a r t i i  ri-)t; . i tes.  'I'llus, t.he c o r r c l . a t i o n  p r o -  
c e s s  ~nlust b e  d r i v e n  by a conp l l t e r  c:npable of c o n s t a n t l y  upd i l t i ng  t h e  

power is 0 . 1  - 1.X nf t l l c  to t< . i l  recei?iecl power ,  i t  i s  n e c e s s a r y  t o  i n t e -  
igraLe Lor  riimly mil.l.i.c:~rl b i t s  i n  orclc-r t o  develo-r> :in ,qciequa~e s i g n a l  t o  
r l v i s c  t o  d e t e c t .  t l i c  s i g n a l .  i 'lius, t.he ~: iodcl  for r ,  rriust be s ~ ~ f f i c i e l - i t -  
l y  good s i i c t ~  t h a t  iilic ~ : e s i d u r - ~  I , 7 :, - r,,,, ii; T T C ~ ~  n e a r l y  i n d e p e n d e n t  oi 
L irne . 

Once t h i s  i s  dol-rtl, t i l e  o u t p u t  0:- ti-~c.. <:i,rrclntic?11 i.s a tir:lc+ s e q u e n c e  c r C  
c o r r e l u t i o n  sums,  encii  sun' iiei;~:,. t h e  slirrl oi 10" - 10' s i n g l e  b i t  c o r r e -  

have common data I l o w  r e q u i r e m e n t s .  

A p p l i c a t i o n  c- lependcl~t  p r i ~ c c s s i n g  s t a r t s  b r a n c l ~ i n g  oui: a t  t h i s  p o i n t .  
However, Tor  t h e  a l7p l ic :a t ions  1. w i l l  review s(7ir:e s o r t  t r f  l e a s t  s q u n r e s  
e s t i m a t i . o n  p r o c c s s  i s  usu;ll 1 v i . 1 1 ~ ~ 1  vc1.i. 1.11 ; ? c n e r a l ,  t l l c  a p r i  o r i  model s 
o f  r a r e  n o t  o p t i m i l .  ilowc..vcr. 1);' e s t i r l ; 3 t i on  Lcchl1iquc.s app l i ec i  o v e r  
an e.nse111ble of  o b s e r v a t i n r ~ s  , b o t h  t h e  qcon?~? t l - i  t: an(-! ri:.irciv:are pa r : ime tc r s  
i n  t h e  model for T c a n  he r e I i n c i i  ! - r im t i - l c i r  a:)ric!l-i values. F o r  
example ,  r e 1  a t i v e  s t a t i o n  l o t : i ~ t i o n s ,  and  soilri i . .  posi L i  !>ns ma)- be in- 
p r o v e d .  C l  oclc dilf c i - e n r e s ,  i'T1. , ;iricI P o l a r  '1i:it i i . ) t i  ~il-;. (:ltllcr p;- i rametcrs  
whicl l  are r e g u l a r 1  y r e 1 i n c d  i f rn~ i ;  t h c i r -  a p r  i.i.)ri \,il l  u c s .  

F i g u r e  4 p r e s e n t s  t h e  s c n s i t i ~ r i t y  of  t h e  dc r ibec l  1'LGT o b s c r v a h l e s  T ,  
. *  

and ,: (more conmonly jr, (or fringe frequency, wliel-c , i s  t h e  o b s e r v i n g  
f r e q u c n c y )  , t o  two t y p i c 3 . l  I'T,RT ~ e o r n e t r i  c paralne t  c r s  , (11: i l ng l e ,  a~lii a 
b a s e l  in .e  l e n g t h .  Tllc- sccorlil ct~:l.umn r e f c r s  t o  Li-lt: t i n ~ e  tic l ;dy observable, 
. r .  T y p i c - a l l y  i t  c;in b e  mensilrcd w i t h  an nccl.lrac:v cif b e L t c r  t-llarl 0. 1 

Ior a 1 0 , 0 0 0  km I>; . isel ine.  Ilic s e n s i t i v i t y  01 i~I>serveci  t i n e  d e l a y  t.n 
c h a n g e s  i n  b a s e l i n e  l e n g t h  i s 3 . 3  7-,sec/meter  2nd i s  i l - ldepende~l t  o f  
b a s e l - i n e  l e n g t h .  



With such s e n s i t i v i t i e s ,  and w i t h  t h c  o b s e r v a b l e  a c c u r a c y  o r  0.1 qsec  
i t  should n o t  be s u r p r i s i n g  t h a t  VLBL h a s  t h e  p o t e t l t i a l  accuracy  f o r  
ccnf irrreter 1 eve1 gcodesy ancl f o r  m i l l i a r c s e c  l eve1 as t ro rne t ry .  

TI-ic t ime r a t e  of change of t ime  d e l a y ,  wl l i le  n o t  q u i t e  s o  powerful. i n  
p r a c t i c e ,  does  a i d  i n  t h e  l e a s t  s q u a r e s  parameter  ac l jus t~nen ts  used f o r  
l o n g  b a s c l i n e  o b s e r v a t i o n s .  Tnc lus ion  of t h a t  o b s e r v a b l e  i n  t h e  e s t i -  
mation p r o c e s s e s  decouples  parameter  c o r r e l a t i o n s  t h a t  would o t h e r w i s e  
degrade  t h e  parameter  c s t i t n a t e s .  Colurnn 3 p r o v i d e s  typic-al .  measure- 
nient accrrl-acies and s e n s i t i v i t i e s  on l o n g  b a s c l i n e s  f o r  t h e  t ime  
d e r i v a t i v e  of d e l a y  (1ri.n.ge f rcquency) . 
D c s p i t e  t h e  g r e a t  promise o f  r a d i o  i . n t e r f ~ r o m e t r y ,  I do riot want t o  
make o b t a i n i n g  t h i s  p o t e n t i a l  accuracy  appear  t r i v i a l .  C a l i b r a t i o n s  
of t h e  r e c e i v i n g  system,  of t h e  a tmosphere ,  i o n o s p l ~ e r e ,  and s p a c e  
plasrria a r e  n e c e s s a r y  a l o n g  w i t h  a g r e a t  d e a l  of c a r e  i n  t h e  d a t a  pro-, 
c e s s i n g .  The c a l . i h r a t i o n s  i n c l u d e  simtl:l.tancous o b s e r v a t i o n s  a t  S- and  
X-Band t o  remove Che ionosphere  ancl s p a c e  plasnla c o n t r i b u t i o n s ,  a s  
we.Ll a s  w a t e r  vapor rad iomete r  measurements o f  t h e  a tmospher ic  w a t e r  
vapor a l o n g  t h e  l i n e  of s i g h t  t o  remove t h e  d i f f e r e n t i a l  d c l a y  contri .-  
buti .on of t h e  w a t e r  vapor .  S t ~ r f a c c  wea ther  d a t a ,  p a r t i c u l a r l y  atmos- 
p h e r i c  p r e s s u r e ,  a11d r e c e j - v e r  pl-lase c a l i b r a t i o n s  a r c  a l s o  r e q u i r e d .  

Howcvcr, t h e s e  c a l i b r a t i o n s  now appear  feas ib1.e  a t  t h e  0 .5  - 2 cm l e v e l  
wit11 c u r r e n t  tccl-inology, meticulous1.y a p p l i e d .  A c t u a l l y ,  a s  some of 
t h e  o t h c r  s p e a k e r s  w i l l  d i s c t l s s  i n  more d e t a i l  1 -a te r ,  s i g n i f  i .cant de.-- 
monstra t i .ons  of sutne a s p e c t s  o f  t h i s  VLBT p o t e n t i a l  a r e  alreacly f i -  
n i s h e d  o r  a r e  underway. 

T h i s  conc ludes  t h e  o u t l i n e  of VI,RI d a t a  a c q u i s i t i o n ,  p r o c e s s i n g ,  and 
s e n s i t i v i t y .  I n  t h e  t ime  remaining,  I would l i k e  ve ry  b r i e f l y  to  ou t -  
l i n e  t h e  c u r r e n t  and a n t i c i p a t e d  programs which a p p l y  r a d i o  i n t e r f e r o -  
metry  w i t h i n  t h e  S o l a r  System. 'i'a.ble I p r o v i d e s  such  a summary f o r  
programs w i t h i n  t h e  Uni ted S t a t e s .  Each e n t r y  i.n t h i s  t a b l e  g i v e s  
t h e  program name, t h e  I n s t i t u t i o n s  r e s p o n s i b l e  f o r  i t s  implementa t ion ,  
t h e  sponsori"ng agcnc- ies ,  t h e  pr imary g o a l  of t h e  program, and t h e  
s t a t u s .  Other  c o u n t r i e s ,  such  a s  Canada (one o f  t h e  founders  o f  tlie 
VLBT t e c h n i q u e ) ,  Norway, and A u s t r a l i a  have enibryonic programs i n  
these.  app:Lication.s a r e a s  a l s o ,  Si.nce t h i s  t a b l e  is s e l f  e x p l a n a t o r y ,  
I w i s h  t o  f i n i s h  my t a l k  w i t h  a  guided s t u d y  of t h i s  t a b l e .  

88 











C
O

M
P

 L
E

T
E

J 
'N

S
T

IT
U

T
IO

N
S

 
P

R
IM

A
R

Y
 G

O
A

L
 

O
R 

D
A

TE
 

N
A

M
E

 
(S

P
O

N
S

O
R

S
) 

SP
EC

1 F
l C

 R
ES

U
LT

S 
E

X
P

E
C

TE
D

 

H
A

Y
S

T
A

C
K

/O
V

R
O

/ 
M

IT
/H

O
/G

S
F

C
 

T
E

C
H

N
IQ

U
E

 
d
 

1-
3 

m
e

te
r 

V
E

C
TO

R
 C

LO
S

U
R

E
 O

F
 B

A
S

E
LI

N
E

S
 

FA
1 R

B
A

N
 K

S 
(D

O
D

-A
R

P
A

) 
D

E
V

E
LO

P
M

E
N

T
 

T
R

IA
N

G
LE

 
FO

R
 G

E
O

D
E

S
Y

 

Q
U

A
S

A
R

 P
A

TR
O

L 
G

S
F

C
/M

IT
/H

O
/ 

R
A

D
IO

 
d
 

a
) 

C
R

O
S

S
 C

O
U

N
T

R
Y

 B
A

S
E

LI
 N

E 
L

f N
G

T
H

 
N

R
A

O
/J

P
L 

A
S

T
R

O
N

O
M

Y
 

R
E

P
E

A
TA

B
lL

lT
Y

 -
2

0
 

cr
n 

N
A

S
A

-O
T

D
A

 
( 

i 
D

S
N

 V
LB

t 
J P

 L 
T

E
C

H
N

IQ
U

E
 

\/
 

a
) 

50
 c

m
 A

C
C

U
R

A
C

Y
 C

A
LI

 F
O

R
N

IA
/S

PA
I 

N
 

D
E

V
E

LO
P

M
E

N
T

 
(N

A
S

A
-O

T
D

A
) 

D
E

V
E

LO
P

M
E

N
T

 
B

A
S

E
L

I N
E

 
FO

R
 S

P
A

C
E

C
R

A
FT

 
N

A
V

IG
A

T
IO

N
 

b)
 

U
T

I 
-2

 
m

se
c 

S
U

P
P

O
R

T 
7

/7
9

 
D

E
V

E
LO

P
 S

O
U

R
C

E
 C

A
T

A
L

O
G

 A
N

D
 O

B
T

A
IN

 
S

T
A

T
IO

N
 L

O
C

A
T

IO
N

S
 F

O
R
 O

P
E

R
A

T
IO

N
A

L 
V

LB
I 

19
80

 
D

E
M

O
N

S
T

R
A

T
E

 5
-1

0 
cm

 V
E

C
TO

R
 A

C
C

U
R

A
C

Y
 

O
N

 I
N

T
E

R
C

O
N

T
IN

E
N

T
A

L
 B

A
S

E
LI

 N
E

S
 



v, 

5 6  
a- ++ 
z2 om 
2 5 
- 
d E 
m 
4% + x.. 
4 -  w a  

EL0 
n'z 
el- 

ps 
ULU .uz 
'5 
6 ;  
m s  





QUESTIONS AND ANSWERS 

DR. TOM CLARK, NASA Goddard Space Fl ight  Center: 

Another group t h a t  has par t ic ipated with Goddard, Haystack, MIT, 
e t  a l ,  on an in ternat ional  f r on t  i n  many of our experiments, has 
been t he  group a t  Chalmers I n s t i t u t e  of Technology a t  t h e i r  obser- 
vatory in Uppsala, Sweden. They have been very a c t i v e  in a l l  of 
t h i s  and should have been included in the l a s t  l i s t .  

DR. FANSELOW: 

Okay, f ine .  




