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AESTRACT 

D u r i n g  t h e  p a s t  y e a r  we h a v e  b e e n  w o r k i n g  t o  b r i n g  
i n t o  r e g u l a r  o p e r a t i o n  a new V L B I  s y s t e m  f o r  m a k i n g  
i n t e r c o n t i n e n t a l  c l o c k  c o m p a r i s o n s  ( as  well as UT1 and 
p o l a r  m o t i o n  measu remen t s )  w i t h  a tu rn -a round  o f  a  few 
d a y s  f r o m  t h e  t i m e  o f  d a t a  t a k i n g .  E a r l i e r  R&D V L B I  
s y s t e m s  h a v e  r e q u i r e d  s e v e r a l  w e e k s  t o  p r o d u c e  
r e s u l t s ,  The  new s y s t e m ,  w h i c h  i s  n o t  y e t  c o m p l e t e ,  
i n c o r p o r a t e s  a number o f  r e f i n e m e n t s  n o t  a v a i l a b l e  t o  
u s  i n  e a r l i e r  s y s t e m s ,  s u c h  a s  d u a l  f r e q u e n c y  
i o n o s p h e r i c  d e l a y  c a n c e i l a t i o n  and wider  s y n t h e s i z e d  
b a n d w i d t h s  w i t h  i n s t r u m e n t a l  p h a s e  c a l i b r a t i o n .  I n  
t h i s  p a p e r  we r e p o r t  o n  t h e  s t a t e  o f  t h e  new s y s t e m  
and g i v e  e x a m p l e s  of  i t s  cu l ' r en t  pe r fo rmance .  

INTRODUCTION 

I n  o r d e r  t o  mee t  t h e  i n c r e a s i n g l y  h i g h e r  a c c u r a c y  denlands of s p a c e c r a f t  
n a v i g a t i o n  t o  t h e  o u t e r  p l a n e t s ,  t h e  Deep Space  Network (DSN) is  i n  t h e  
p r o c e s s  of  i m p l e m e n t i n g  a s h o r t  t u r n a r o u n d  c l o c k  s y n c h r o n i z a t i o n  
t e c h n i q u e  u t i l i z i n g  V e r y  Long E a s e l i n e  I n t e r f e r o m e t r y  (VLI31) [l-51. 
T h i s  t e c h n i q u e  h a s  a l ready  been d e m o n s t r a t e d  t o  be an  e f f e c t i v e  method 
o f  m e a s u r i n g  r e l a t i v e  c l o c k  o f f s e t s  a n d  o f f s e t  r a t e s  a t  
i n t e r c o n t i - n e n t a l  d i s t a n c e s  :6, 71. A r e v i e w  o f  t h e  u t i l i t y  o f  V L B I  f o r  
t i m e k e e p i n g  a n d  g e o d e s y  was p r e s e n t e d  b y  F a n s e l o w  i n  1977  181. The 
s y s t e m  b e i n g  deve loped  a t  JPL f o r  t h i s  pu rpose  d i f f e r s  f r o m  t h o s e  used  
i n  p r e v i o u s  d e m o n s t r a t i o n s  i n  t h a t  i t  i s  d e s i g n e d  as an t t o p e r a t i o n a l v  
system t o  p r o v i d e  c l o c k  o f f s e t s  a s  w e l l  as  e a r t h  r o t a t i o n  a n d  p o l a r  
m o t i o n  measu remen t s  o n  a w e e k l y  b a s i s  fyom a p p r o x i m a t e l y  t h r e e  hours  of 
o b s e r v i n g .  T h i s  p a p e r  r e p o r t s  o u r  p r o g r e s s  i n  i r c p l e m e n t i n g  t h i s  s y s t e m  
and g i v e s  t y p i c a l  r e s u l t s .  
..................... 
t 

T h i s  paper  r e p r e s e n t s  one  phase  o f  r e s e a r c h  c a r r i e d  o u t  a t  t h e  J e t  
P r o p u l s i o n  L a b o r a t o r y  u n d e r  NASA C o n t r a c t  NAS7-100. 



The  d e v e l o p m e n t  of  a s h o r t  t u r n a r o u n d  c l o c k  m o n i t o r i n g  s y s t e m  u s i n g  
VLBI  h a s  p r o g r e s s e d  from t h e  p r o t o t y p e  sys tem r e p o r t e d  i n  1979 [91 t o  
a n  e a r l y  v e r s i o n  o f  t h e  o p e r a t i o n a l  system. T h i s  new sys tem u t i l i z e s  
bandwidth  s y n t h e s i s  [ l o ] ,  S- and X-band i o n o s p h e r i c  d e l a y  c a n c e l l a t i o n , ,  
and i n s t r u m e n t a l  phase c a l i l r a t i o n .  The Deep Space Network i n t e n d s  t o  
o p e r a t e  t h e  t h r e e - s t a t i o n  i n t e r f e r o m e t e r  o n  a w e e k l y  b a s i s .  E a c h  
week ' s  o b s e r v a t i o n s  w i l l  i n c l u d e  a n  e a s t - w e s t  and a n o r t h - s o u t h  
b a s e l i n e  t o  p e r m i t  t h e  e s t i m a t i o n  o f  e a r t h  r o t a t i o n  and p o l a r  mot ion as 
w e l l  as c l o c k  s y n c h r o n i z a t i o n  pa ramete r s .  

An a v e r a g e  o f  20 e x t r a g a l a c t i c  r a d i o  s o u r c e s  w i l l  b e  o b s e r v e d  d u r i n g  
t h r e e  h o u r s  e a c h  week. Based o n  t h e  p r e c i s i o n  e x p e c t e d  f r o m  a V L B I  
sys tem C81 we e x p e c t  t o  de te rmine :  

o Clock epoch o f f s e t  t o  + 1 0  nsec  

o  Clock f requency  o f f s e t  t o  3 p a r t s  i n  10  1 3  

From t h e  c o l l e c t e d  weekly o b s e r v a t i o n s  we w i l l  b a b l e  t o  measure  long- 
1& t e r m  c l o c k  s t a b i l i t y  t o  a f e w  p a r t s  i n  1 0  . A l t h o u g h  we a r e  

c u r r e n t l y  p e r f o r m i n g  o u r  p r o c e s s i n g  o n  t h e  g e n e r a l  p u r p o s e  c o m p u t e r  
f a c i l i t i e s  a t  C a l t e c h ,  we a r e  i n  t h e  p r o c e s s  o f  c o n v e r t i n g  t h e  p o s t -  
c o r r e l a t i o n  s o f t w a r e  t o  a JPL  computer  sys tem which w i l l  be d e d i c a t e d  
s p e c i f i c a l l y  t o  V L B I .  Once a l l  t h e  e l e m e n t s  o f  t h e  new s y s t e m  a r e  i n  
p l a c e  we e x p e c t  t o  b e  a b l e  t o  p r o d u c e  r e s u l t s  within 48 h o u r s  o f  
r e c e i p t  o f  da ta .  A s i m p l i f i e d  d iagram of t h e  s y s t e m  is  shown i n  f i g u r e  
1. 

-----1-----------11-------- * 
DSS 1 4  a t  Golds tone,  C a l i f o r n i a ;  DSS 43 a t  T i d b i n b i l l a ,  A u s t r a l i a ,  and 
DSS 63 a t  Madrid,  Spain. 



SYSTEM OVERVIEW 

Our a p p l i c a t i o n  i s  e s s e n t i a l l y  a c l a s s i c a l  VLBI t e c h n i q u e  [ l o - 1 3 1  
where in  each p a i r  o f  s t a t i o n s  i s  i n d e p e n d e n t l y  schedu led  t o  o b s e r v e  a 
s p e c i f i e d  s e t  o f  e x t r a g a l a c t i c  r a d i o  s o u r c e s .  The d a t a  f r o m  e a c h  
o b s e r v a t i o n  a r e  r e c o r d e d  a t  b o t h  S- and X-bands o n  e i g h t  t i m e -  
m u l t i p l e x e d  c h a n n e l s ,  e a c h  2 5 0  KHz w i d e ,  s p a n n i n g  a 40 MHz r e c e i v e r  
b a n d w i d t h .  A s  s o o n  a s  p o s s i b l e  a f t e r  t h e  o b s e r v i n g  s e s s i o n  t h e  
recorded  data  a r e  t r a n s m i t t e d  o v e r  a 56K b i t  p e r  second communication 
channel  t o  J P L  where t h e y  are  recorded  on magne t i c  t a p e  f o r  p rocess ing .  
I n  t h e  f i n a l  i m p l e m e n t a t i o n ,  m a s s  d i s k  s t o r a g e  w i l l  b e  e m p l o y e d  f o r  
r e c o r d i n g .  

I n  t h e  p r e s e n t  i n t e r i m  p r o c e s s i n g  mode, p r i o r  t o  t h e  a c t i v a t i o n  o f  t h e  
new hardware  c o r r e l a t o r  and d e d i c a t e d  p r o c e s s i n g  computer,  t h e  magne t i c  
t a p e s  from both  s t a t i o n s  are  read and c o r r e l a t e d  i n  s o f t w a r e  on an IEM 
3032 computer. Then a F a s t  F o u r i e r  Transform (FFT) i s  performed on t h e  
c o r r e l a t i o n  sums f rom each c h a n n e l ,  w i t h  t h e  r e s u l t i n g  v a l u e s  of  f r i n g e  
f r e q u e n c y  and a m p l i t u d e  i n s e r t e d  as  a  p r i o r i  e s t i m a t e s  t o  a more  
p r e c i s e  f r i n g e - f i t t i n g  process in^ which compensates  more e x a c t l y  f o r  
t h e  t r o p o s p h e r e  and g e o m e t r i c  d e l a y s .  T h i s  p r o d u c e s  e s t i m a t e s  o f  
f r i n g e  a m p l i t u d e ,  f r equency ,  phase and d e l a y  f o r  each channe l  as we l l  
as s y n t h e s i z e d  d e l a y s  f o r  a l l  channe l  p a i r s  up t o  a spanned bandwidth  
o f  a p p r o x i m a t e l y  30 IdHz. (The f i n a l  sys tem w i l l  have a 40 MHz spanned 
bandwidth. ) 

A d d i t i o n a l  s o f t w a r e  t a k e s  t h e  estimates f o r  each  s o u r c e  and produces  a 
maximum l i k e l i h o o d  est imate f o r  c lock  o f f s e t  and c lock  r a t e  o v e r  t h e  
o b s e r v i n g  time span. These v a l u e s  and BIH U T 1  and p o l a r  mot ion v a l u e s  
a r e  then  used as  t h e  a p r i o r i  f o r  t h e  f i n a l  s t e p  where t h e  d a t a  from 
b o t h  b a s e l . i n e s  a r e  b r o u g h t  t o g e t h e r  f o r  s i m u l t a n e o u s  e s t i m a t i o n  of 
c l o c k ,  U T 1  and Polar  Motion pa ramete r s .  

C a l i b r a t i o n  o f  t h e  d a t a  f o r  i n s t r u m e n t a t i o n  d e l a y s  [14, 1 5 1  and 
charged p a r t i c l e s  t a k e s  p l a c e  p r i o r  t o  t h e  f i n a l  e s t i m a t i o n  s t e p .  It 
i s  p e r f o r m e d  o n l y  i f  p h a s e  c a l i b r a t i o n  t o n e s  h a v e  b e e n  i n j e c t e d  i n t o  
t h e  RF a n p l i f i e r  s o  t h a t  t h e  i n s t r u m e n t a l  d e l a y s  c a n  be  d e t e r m i n e d .  
Dual f r e q u e n c y  c a n c e l l a t i o n  o f  c h a r g e d  p a r t i c l e  e f f e c t s  c a n n o t  b e  
p r o p e r l y  performed if t h e  i n s t r u m e n t a l  d e l a y s  h a v e  n o t  b e e n  removed.  



DEVELOPMENT PLAN 

An e x p o s i t i o n  o f  t h e  d e v e l o p m e n t  s t e p s  i n v o l v e d  i s  p r e s e n t e d  t o  
d e m o n s t r a t e  t h e  p r o g r e s s  t h a t  h a s  b e e n  made t o  d a t e .  F i g u r e  2  
i l l u s t r a t e s  t h e  development s t e p s ,  where we were  i n  t h a t  p r o g r e s s i o n  
l a s t  y e a r ,  and  w h e r e  we are now. The t r a n s i t i o n  f r o m  t h e  p r o t o t y p e  
sys tem i n c l u d e s  a n  i n t e r v a l  where t h e  l e v e l  o f  p r e c i s i o n  on measured 
c l o c k  o f f s e t s  d r o p s  f r o m  50 n s  t o  150  ns.  We a r e  c u r r e n t l y  i n  t h i s  
i n t e r v a l  as is  e v i d e n t  by t h e  r e s u l t s  r epor ted .  

The main r e a s o n  f o r  t h i s  l o s s  o f  p r e c i s i o n  is  t h a t  we have t r a n s f e r r e d  
f r o m  a  4  Mb/s s y s t e m  t o  a  500  Kb/s  s y s t e m .  By t h e  t i m e  of  o u r  r e p o r t  
l a s t  y e a r  [91 ,  t h e  4 Mb/s s y s t e m  had b e e n  u p g r a d e d  f r o m  64-26 met.er 
a n t e n n a  p a i r s  t o  a l l  6 4  m e t e r  p a i r s  and had b e e n  p r o v i d e d  a more  
p r e c i s e  s o u r c e  c a t a l o g .  Those measures  were  t o  h e l p  compensate f o r  t h e  
signal .  t o  n o i s e  l o s s  i n  g o i n g  t o  500 Kb/s t h i s  year.  

To o b t a i n  10  n s  c l o c k  o f f s e t  a c c u r a c y  w i t h  t h e  500 Kb/s sys tem we must 
u s e  b a n d w i d t h  s y n t h e s i s  t o  s p a n  t h e  40 MHz r e c e i v e r  b a n d p a s s .  T h i s  
c a p a b i l i t y  canno t  be r e a l i z e d  u n t i l  i n s t r u m e n t a l  and charged p a r t i c l e  
e f f e c t s  can be c a l i b r a t e d .  Thus f i g u r e  2 p l a c e s  t h e  d u a l  f r equency  and 
i n s t r u m e n t a l  d e l a y  c a p a b i l i t i e s  a s  s t e p s  t h a t  must be implemented p r i o r  
t o  o u r  b e i n g  a b l e  t o  e n t e r  t h e  1 0  n s  p r e c i s i o n  r e g i m e .  A t  t h i s  t i m e  
t h e  d u a l  f r e q u e n c y  c a p a b i l i t y  i s  f u n c t i o n a l  b u t  i s  n o t  b e i n g  u s e d  
p e n d i n g  t h e  i n s t a l l a t i o n  o f  i n s t r u m e n t a l  d e l a y   calibrator?^. 
Consequent ly  c l o c k  o f f s e t s  a r e  now measured by a v e r a g i n g  t h e  b i t  s t r e a m  
a l i g n m e n t  d e l a y s  o b t a i n e d  o n  f o u r  250 K H z  c h a n n e l s ,  w h i c h  r e s u l t s  i n  
t h e  reduced p r e c i s i o n  o f  a p p r o x i m a t e l y  150 ns. 

O n c e  t h e  i n s t r u m e n t a l  d e l a y  c a l i b r a t i o n  i s  a v a i l a b l e ,  f u r t h e r  
e n h a n c e m e n t s  w i l l  r e f i n e  t h e  i n s t r u m e n t ' s  p r e c i s i o n  and i m p r a v e  
t u r n a r o u n d .  The t r a n s f e r r a l  o f  d a t a  p r o c e s s i n g t o  a d e d i c a t e d  s y s t e m  
w i l l  i n t r o d u c e  a  hardware  c o r r e l a t o r  u n i t  and a  computer sys tem which 
c a n  r e c e i v e  t h e  d a t a  d i r e c t l y  f r o m  t h e  c o m m u n i c a t i o n  l i n e s  w i t h c ~ u t  
r e c o u r s e  t o  t h e  i n t e r m e d i a t e  magne t i c  t a p e s  now be ing  produced. T h i s  
w i l l  p e r m i t  u s  t o  a c h i e v e  48 hour turnaround,  p o s s i b l y  i n  t h e  summer o f  
1982.  A f t e r  t h i s ,  i n s t a l l a t i o n  o f  w a t e r  v a p o r  r a d i o m e t e r s  and 
m o d i f i c a t i o n  o f  t h e  s o f t w a r e  t o  u t i l i z e  t he se  m e a s u r e m e n t s  w i l l  
conclude o u r  development. 



CURRENT RESULTS JJQ COMMENTS 

T y p i c a l  r e s u l t s  f rom our  weekly o b s e r v i n g  s e s s i o n s  a r e  shown i n  f i g u r e s  
3 and 4 ;  t h e  r e s u l t s  a r e  t a b u l a t e d  i n  t a b l e s  1 and 2. No u s e f u l  t r e n d  
a n a l y s i s  of t h e  d a t a  can be performed because  of f r e q u e n t  c l o c k  r e s e t s  
and  f r e q u e n c y  s t a n d a r d  c h a n g e s  p r o d u c i n g  e p o c h  j u m p s .  I n d i v i d u a l  
r e s u l t s ,  however, a r e  u s e f u l  f o r  t h e  purpose  of measur ing t h e  r e l a t i v e  
o f f s e t s  and o f f s e t  r a t e s  a t  p a r t i c u l a r  p o i n t s  i n  t ime.  

The r e s u l t s  a r e  s p a r s e  b e c a u s e  o f  s c h e d u l i n g  c o n f l i c t s  w i t h  Voyager  
P r o j e c t  o p e r a t i o n s  and t h e  u s u a l  problems o f  b r e a k i n g  i n  a new system. 
The v a r i a b i l i t y  o f  t h e  r e f e r e n c e  s t a n d a r d s  as w e l l  as o u r  o p e r a t i o n a l  
r e a d i n e s s  have improved c o n s i d e r a b l y  s i n c e  t h e  i n t e r v a l  r e p o r t e d  and 
problems i n  t h i s  a r e a  a r e  expec ted  t o  d i m i n i s h  measurably  a s  we e n t e r  
i n t o  t h e  l a t t e r  p h a s e  o f  d e v e l o p m e n t .  Our o b j e c t i v e  f o r  n e x t  y e a r ' s  
r e p o r t  will be t h e  p r e s e n t a t i o n  of  p r e l i m i n a r y  r e s u l t s  i n v o l v i n g  t h e  
u s e  o f  d u a l  f r equency  charged p a r t i c l e  c a n c e l l a t i o n  and i n s t r u m e n t a l  
d e l a y  c a l i b r a t i o n s .  

We w i s h  t o  e x p r e s s  o u r  g r a t i t u d e  t o  a l l  t h e  men and women of t h e  Deep 
Space Network who c o n t r i b u t e d  t o  t h e  d a t a  a c q u i s i t i o n ,  d a t a  p r o c e s s i n g  
and sys tem e n g i n e e r i n g  a s p e c t s  of t h i s  development. We a r e  e s p e c i a l l y  
t h a n k f u l  f o r  t h e  h e l p  and c o o p e r a t i o n  r e c e i v e d  from M a r s h a l l  Eubanks, 
R i c k  S h a f f e r ,  J o h n  L u V a l l e ,  Pam N o l k i n s ,  D o l l y  G i b b s ,  and J e a n n y n e  
Gunckel. 
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TABLE 1 

Block 1 Clock Offset Data f o r  C a l i f o r n i a - A u s t r a l i a  B a s e l i n e  
8 June I980 - 23 October 1980 

Measured O f f s e t ,  Residual  t o  Square  Root A l l  
1 

Date Epoch p s e c  F i t ,  ns Var iance ,  x 10' 83 
24 June  15.20404 45.72 25 1 

15 J u l y  16.99444 47-30 381 

31 July 18.374500 4 1 . ~ 8 ~  - 
24Aug.  20.43114 52.06 131  1.6 

( BREAK ) 

30 Sept .  23.61826 -5.30. - - 
* 

1 6 O c t .  24.9983888 -5.42 - - 
- 

* 
not  inc luded  i n  fit 
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CURRENT AND PLANNED IMPLEMENTATIONS 

PLANNED IMPLEMENTATION 

CURRENT l M PLEMENTATI ON 

Figure 1. JPL-DSN Short Turnaround VLBI System Configuration Showing 
Current and Planned Implementations 



SYSTEM IMPLEMENTATlON STEPS 
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a F l N A L  
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Figure 2 .  JPL-DSN Short  Turnaround VLBI System Implementation Steps 



TYPICAL CALIFORNIA - SPA1 N CLOCK MEASUREMENTS 
WITH UNCALIBRATED 500 KBlS VLBI SYSTEM - 

l ~ I ~ I ~ I ~ 1 ~ I ~ l ) I ~ 1 ~ 1 ~ ~ ~ ~ ~ ~  
- 

-4 SLOPE 2.62 x 10 

0 6 
P' 

BLOCK 1 VLB I CLOCK OFFSET 
MEASUREMENTS US I NG 
4-CHANNEL S -BAND FOR THE 
CALIFORNIA - SPA I N BASELI NE 
(RMS RESIDUALS = 108 ns) 

\ bb SLOPE = -5.125 x 10-13 

CLOCK 
'? 1 RESET 

SECONDS PAST 1 JAN. 1980 x lom6 

JUNE JULY AUGUST SEPTEMBER OCTOBER 

Figure 3, Typical VLBI Relat ive Clock Offset  Results  f o r  the  
California-Spain Baseline Using t h e  Uncalibrated 
500 KB/S System 



TYPICAL  CALIFORNIA-AUSTRALIA CLOCK MEASUREMENS 
USING UNCALIBRATED 500 KBlS V L B I  SYSTEM 

l ~ l ~ l ~ l ~ l ~ ~ ~ l ~  - 
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Figure 4. Typical VLBI Relative Clock Offset Results for the. 
California-Australia Baseline Using the Uncalibrated 
500 KB/S System 



QUESTIONS AND ANSWERS 

DR. WILLIAM WOODEN, DMA 

Do you have any p r e l i m i n a r y  r e s u l t s  f o r  t he  p o l a r  motion s tud ies  
t h a t  you t a l k e d  about. You sa id  t h a t  you had done some s tud ies  bu t  
you d i d n ' t  g i v e  any numbers, how we1 1 do your r e s u l t s  seem t o  com- 
pare w i t h  say the  Naval Observatory r e s u l t s ?  

MR. MADRID: 

Well, we do have some p r e l i m i n a r y  r e s u l t s  bu t  we haven' t  issued 
them because we have n o t  f u l l y  understood t h e i r  s i g n i f i c a n c e  y e t .  
We have compared them w i t h  B I H  p o l a r  motion r e s u l t s  and the re  seems 
t o  be a b ias  i n  our r e s u l t s  which we cannot f u l l y  exp la in  a t  t h i s  
t ime. We are undergoing an ana lys i s  o f  our software and our model- 
i n g  t o  understand what t h e  nature o f  the  problem i s .  

We do f e e l  t h a t  i t  i s  probably due t o  a modeling problem which 
can, once we understand what the  s i t u a t i o n  i s ,  t he re  i s  no reason 
t o  f e e l  t h a t  we w i l l  n o t  be i n  l i n e  w i t h  the  B I H  r e s u l t s .  

MR. PAT FELL, Naval Surface Weapons Center 

You use a b ias  t o  c o r r e c t  t he  l i n e a r  model t o  model t he  c lock  syn- 
ch ron i za t i on  between your two s ta t i ons .  

MR. MADRID: 

Yes. 

MR. FELL: 

What are you observing? What t i m e  i n t e r v a l ?  What l eng th  o f  t ime  
do you apply t h a t  model load w i th?  

MR. MADRID: 

That was over a two month pe r iod  a t  t he  longest .  

MR. FELL: 

Do you use one l i n e a r  model over two months? 

MR. MADRID: 

That i s  r i g h t ,  e s s e n t i a l l y  we have hydrogen masers most of t he  
t ime, except f o r  one case where we had a cesium a t  one s t a t i o n ,  



and we expected t ha t  most of our d r i f t s  would be of t ha t  order,  
although I t h i n k  our reason fo r  using a l i nea r  model i s  t h i s ;  t h a t  
we f i t  i n i t i a l l y  t o  a l i nea r  case and we f ind t ha t  i f  the l i nea r  
does not produce the r i g h t  res iduals  than we would consider using 
non-linear models t o  t r y  t o  determine the  functioning of the 
standards. 

MR. DAVID A L L E N ,  National Bureau of Standards 

In regard t o  the driving force  during t h i s  experiment, do you have 
a stronger need t o  determine UT-1 than you do the clock synchroni- 
zat ion? For example, i f  you could obtain synchronization via GPS 
an a l t e rna t e  route ,  perhaps, would you s t i l l  need t o  do i t  t o  get  
UT-1, o r  could you obtain adequate accuracy in the r e su l t s  from the 
BIH f o r  the  UT-1 values f o r  deep space tracking? 

MR. MADRID: 

Yes, I believe t ha t  there  a re  a l t e rna t e  systems t ha t  we could use. 
In f a c t ,  we have been using BIH f o r  our space navigation u p  to  now. 
And, there a r e  two driving fac to rs  here. 

One of the reasons t ha t  we a r e  in the UT-1 polar motion busi- 
ness i s  t ha t  we have seen a t  the laboratory t ha t  there i s  going t o  
be a need f o r  a change in the next 10 years.  That BIH i s  s t i l l  
operating w i t h  opt ica l  instruments e s s en t i a l l y ,  and t ha t  there  i s  
going t o  be a period of change and a need t o  review a11 of the in- 
struments t ha t  a r e  being used t o  obtain UT-1 polar motion and we 
want t o  cooperate and be part  of t ha t  cooperative e f f o r t  t o  de- 
termine i f  l a s e r  ranging or VLBI  o r  what o ther  technique i s  ava i l -  
able.  The best way t o  do t h i s  i s  t o  be producers of UT-1 polar 
motion and have an inter-comparison of d i f fe ren t  techniques t ha t  
will be useful t o  the s c i e n t i f i c  community to  determine what in- 
struments, in the future ,  can be used f o r  UT-1 polar motion deter-  
mination. 

Now, a s  f a r  a s  clock sync, there a re  a l t e rna t ive  systems and 
we have considered GPS as an a l t e rna t ive .  However, the  f a c t  t ha t  
we have the  REA telescopes operable there and they a re  busy and  
there  a r e  crews there ,  makes i t  s o r t  of a natural thing f o r  us t o  
t r y  t o  achieve clock sync using these R E A  telescopes a t  times when 
they a r e  not occupied in supporting a mission. 

MR. A L L E N :  

I understood t ha t  the demands on the telescope were such t ha t  if 
you wouldn't have t o  use them then t ha t  would be a de f i n i t e  ad- 
vantage. 



MR. MADRID : 

Well, tha t  a l l  depends on the load. I think right around Saturn 
encounter and Jupiter encounter, that  was the case, however, our 
loading in the future i s  going to  be rather different ,  and I think 
we are looking toward the future in that  regard in the sense that  
we are not going to  be supporting as many space missions within 
the next few years and we are trying to  use the equipment and the 
f a c i l i t i e s  tha t  we have for  other cooperative ventures including 
time sync in UT-1 polar motion. 

4 6 0  


