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ABSTRACT 

C o n v e n t i o n a l  and  VLBI i n t e r f e r o m e t e r  t e c h n i q u e s  
show p romise  for  a c c u r a t e  d e t e r m i n a t i o n  of  UT1, 
p o l a r  mot ion ,  and r a d i o  s o u r c e  p o s i t i o n  c a t a l o g s .  

INTRODUCTION 

Radio i n t e r f e r o m e t e r  measurements  o f  c e l e s t i a l  r a d i o  
s o u r c e s  a r e  b e i n g  employed t o  d e t e r m i n e  v a r i a t i o n s  i n  t h e  
E a r t h ' s  r o t a t i o n ,  p o l a r  mot ion ,  and a  c a t a l o g u e  o f  r a d i o  
source p o s i t i o : ~ ~ .  Both  c o n v e n t i o n a l  i n t e r f e r o m e t r y  and t h e  
v e r y  long  b a s e l i n e  i n t e r f e r o m e t e r  (VLBI) t e c h n i q u e  have  
shown promise i n  p r e v i o u s  e x p e r i m e n t a l  t e s t s ;  t h e  VLBI 
t e c h n i q u e  h a s  been  d e m o n s t r a t e d  t o  d e t e r m i n e  UTI t o  an  
a c c u r a c y  of 3 m s ,  po lar  mot ion  t o  submete r  a c c u r a c y  and  
O ( 1  i n  s o u r c e  c a t a l o g u e  p o s i t i o n  ( C l a r k  and S h a p i r o  1973; 
S h a p i r o  e t  a l .  1974),  and  t h e  c o n v e n t i o n n l  t e c h n i q u e  h a s  
been  used  t o  d e t e r m i n e  UT1 t o  an a c c u r a c y  of  4 . 3  m s  ( E l s n o r e  
1973) and  source  c a t a l o g u e  p o s i t i o n  accuracy  t o  0!1 ( R y l e  
and Elsmore  1 9 7 3 ) .  F u r t h k r  t e s t s  a r e  b e i n g  c o n d u c t e d  t o  
e v a l u a t e  e x p e r i m e n t a l  a c c u r a c i e s  and  a t m o s p h e r i c  l i m i t a t i o n s  
for d i f f e r e n t  b a s e l i n e s  and measurement t e c h n i q u e s .  

RADIO INTERFEROMETRY 

A s i g n a l  is s i m u l t a n e o u s l y  r e c e i v e d  from a c e l e s t i a l  s o u r c e  
a t  two a n t e n n a s  which c a n  be  s e p a r a t e d  by d i s t a n c e s  of  from 
hundreds  of m e t e r s  t o  t h o u s a n d s  of k i l o m e t e r s .  T h i s  s i g n a l  
is first mixed t o  an  i n t e r m e d i a t e  f r e q u e n c y .  The s i g n a l  a t  
one  of t h e  a n t e n n a s  is d e l a y e d  by r g ,  t h e  g e o m e t r i c  d e l a y  
or  t h e  d i f f e r e n c e  i n  t h e  d o p p l e r  s h l f t  t o  l l ie s o u r c e  a s  seen 
from t h e  two s i t e s .  F i n a l l y  t h e  s i g n a l s  a r c  c r o s s - c o r r e -  
l a t e d .  The c r o s s - c o r r e l a t e d  s i g n a l  h a s  an a m p l i t u d e  a n d  
p h a s e .  When t h e  source s i z e  is s m a l l  compared w i t h  t h e  i n -  
t e r f e r o m e t e r  f r i n g e  s p a c i n g ,  t h e  normalized c o r r e l a t i o n  
a m p l i t u d e  is u n i t y .  The p h a s e  o f  t h e  c r o s s - c o r r e l a t e d  
signal y i e l d s  i n f o r m a t i o n  on where  t h e  s o u r c e  is l o c a t e d  i n  
t h e  f r i n g e  p a t t e r n  of  t h e  i n t e r P e r o m e t e r ,  One c a n  v i s u n l i z e  
a p a t t e r n  o f  l i n e s  01- f r i n g e s  p r c j e c t e d  o n t o  t h e  s k y .  A s  
the e a r t h  r o t a t e s  t h e  source passes  t h ~ o u g l i  t h i s  p a t t e r n .  
The  p h a s e  o f  t h e  c r o s s - c o r r e l a t e d  s i g n a l  c h a n g e s  by 277 
r a d i a n s  f rom f r i n g e  t o  f r i n g e .  T h e  s e p a r a t i o n  ol' t h e  



f r i n g e s  on t h e  s k y  is s i m p l y  

r a d i a n s ,  = D  s i n e  

where  is t h e  w a v e l e n g t h  of t h e  s i g n a l ,  D is  t h e  s e p a r a t i m  
of t h e  a n t e n n a s  and 0 is t h e  a n g l e  be tween  the c e l e s t i a l  
s o u r c e  a n d  t h e  b a s e l i n e .  S e e  f i g u r e  1. 

The p h a s e  c a n  b e  d e t e r m i n e d  a c c u r a t e l y  t o  a  f r a c t i o n  o f  a  
f r i n g e  i n  c o n v e n t i o n a l  i n t e r f e r o m e t r y  and  precise p o s i t i o n s  
Can b e  d e t e r m i n e d  w i t h  a s h o r t  b a s e l - i n e .  F o r  example a 5 
km b a s e l i n e  o p e r a t i n g  a t  a f r e q u e n c y  o f  5 G H z ,  h a s  a  f r i n g e  
s p a c i n g  of 2':5. A d e t e r m i n a t i o n  o f  t h e  p h a s e  o f  a c e l e s t i a l  
s o u r c e  t o  5' r e s u l t s  i n  a  p o s i t i o n  a c c u r a c y  o f  0.035 a r c  
s e c o n d s  o r  2 m i l l i s e c o n d s .  

The d i f f e r e n c e  be tween  VLBI a n d  c o n v e n t i o n a l  i n t e r f e r o m e t r y  
is i n  t h e  p h a s e  s t a b i l i t y  o f  t h e  i n t e r f e r o m e t e r ,  Conven- 
t i o n a l  i n t e r f e r o m e t e r s  o f fe r  phase s t a b i l i t i e s  of a  few 
d e g r e e s  f o r  p e r i o d s  o f  days .  The p r i n c i p a l  l i m i t a t i o n s  t o  
p h a s e  s t a b i l i t y  a t  f r e q u e n c i e s  above  5 G H z  a r e  s h o r t  p e r i o d  
v a r i a t i o n s  i n  a t m o s p h e r i c  r e f r a c t i v i t y  and  i n s t r u m e n t a l  
p h a s e  v a r i a t i o n s .  VLBI on t h e  o t h e r  hand depends  on inde -  
penden t  l o c a l  o s c i l l a t o r s  c o n t r o l l e d  by a t o m i c  f r e q u e n c y  
s t a n d a r d s  a t  t h e  two l o c a t i o n s ,  and  h a s  p h a s e  i n s t a b i l i t i e s  
o f  s e v e r a l  r a d i a n s  i n  a p e r i o d  o f  a n  hour .  The p r i n c i p a l  
l i m i t a t i o n  t o  p h a s e  s t a b i l i t y  is  t h e  f r e q u e n c y  s t a b i l i t y  o f  
t h e  s t a n d a r d s  a t  e a c h  s i t e  u s e d  t o  g e n e r a t e  t h e  l o c a l  
o s c i l l a t o r  c h a i n s .  These  L.O. c h a i n s  a r e  u s e d  t o  mix t h e  
s i g n a l  down t o  an  i n t e r m e d i a t e  low f r e q u e n c y  t h a t  c a n  b e  
r e c o r d e d  on  m a g n e t i c  t a p e .  

S i n c e  VLBI h a s  poor  p h a s e  s t a b i l i t y ,  t h e  p h a s e  o f  t h e  
s i g n a l  is n o t  a n a l y z e d  d i r e c t l y  but r a t h e r  i ts  d e r i v a t i v e s ,  
d e l a y  which  is t h e  r a t e  of change  o f  p h a s e  w i t h  f r e q u e n c y ,  
and f r i n g e  r a t e  which  is t h e  r a t e  o f  change  o f  p h a s e  w i t h  
r e s p e c t  t o  t i m e .  Thus  f o r  t h e  same b a s e l i n e ,  c o n v e n t i o n a l  
i n t e r f e r o m e t r y  w i l l  be o r d e r s  o f  magn i tude  more a c c u r a t e  
t h a n  VLBI. The v e r y  l o n g  b a s e l i n e s  p o s s i b l e  w i t h  VLBI, how- 
e v e r ,  compensa te  f o r  t h i s  d i f f e r e n c e  i n  p r e c i s i o n .  

The ma jo r  l i m i t a t  i o n s  t o  c o n v e n t i o n a l  i n t e r f e r o m e t r y  a r e :  

I) S h o r t  term c h a n g e s  i n  a t m o s p h e r i c  p h a s e  p a t h ,  i .e .  
t h e  s i g n a l  f rom t h e  c e l e s t i a l  s o u r c e  d o e s  n o t  p a s s  t h r o u g h  
i d e n t i c a l  a t m o s p h e r i c  p a t h s  t o  t h e  a n t e n n a s .  S m a l l  s c a l e  
v a r i a t i o n s  i n  a t m o s p h e r i c  r e f r a c t i v i t y  due  main ly  t o  w a t e r  
vapor  c a y s e  t h e  a t m o s p h e r i c  p h a s e  p a t h  t o  v a r y  i n  a random 



manner on  t h e  o r d e r  o f  m i n u t e s .  P r e s e n t  d a t a  o n  t h e  r m s  
v a r i a t i o n  i n  a t m o s p h e r i c  p a t h  l e n g t h  is v e r y  i n c o m p l e t e ,  
but t h e  t r e n d  is d i s p l a y e d  v e r s u s  b a s e l i n e  l e n g t h  i n  f i g u r e  
2. The s i n g l e  p o i n t  a t  35 km is  p r e l i m i n a r y  i n f o r m a t i o n  f rom 
Wade(1974)  o f  t h e  N a t i o n a l  R a d i o  Astronomy O b s e r v a t o r y  where  
t h e  a n t e n n a s  were c o n n e c t e d  by a r a d i o  l i n k .  T h e r e  i s  a  
marked d i f f e r e n c e  be tween  t h e  p h a s e  p a t h  d e v i a t i o n s  on a 
summer day v e r s u s  a  w i n t e r  day .  The summer n i g h t s  and  
w i n t e r  n i g h t s  resemble t h e  w i n t e r  day.  T h e r e f o r e  o b s e r v a -  
t i o n s  o b t a i n e d  d u r i n g  a  summer day would be e x p e c t e d  t o  have  
one  half t h e  a c c u r a c y  of t h o s e  made a t  n i g h t  o r  on a w i n t e r  
day.  

2 )  I n s t r u m e n t a l  n o i s e - - I f  t h e  a n t e n n a s  a r e  c o n n e c t e d  by 
a  r a d i o  l i n k ,  n o i s e  o v e r  t h i s  l i n k  may c o n t r i b u t e  s i g n i f i c a n t l y  
t o  t h e  d a t a .  T h e r e  may a l s o  be  s i g n i f i c a n t  n o i s e  c o n t r i b u t i o n  
by n o i s e  g e n e r a t e d  i n  t h e  l o c a l  o s c i l l a t o r  sys t em.  Tempera tu re  
e f f e c t s  on t h e  c a b l e s  c o n n e c t i n g  t h e  i n d i v i d u a l  a n t e n n a s  and  
t h e  d e l a y  ' l i n e s  a l s o  c o n t r i b u t e  t o  t h e  sys t em phase  n o i s e .  

COMPARISON OF TECHNIQUES 

The a c c u r a c y  of c o n v e n t i o n a l  i n t e r f e r o m e t r y  and  VLBI i n  
d e t e r m i n i n g  U T I  has  been e s t i m a t e d .  From f i g u r e  2, an  
e s t i m a t e  may be made of t h e  c o n t r i b u t i o n  of s h o r t  t e r m  
c h a n g e s  i n  a t m o s p h e r i c  r e f r a c t i v i t y  t o  p h a s e  n o i s e .  A s s u m -  
i n g  t h i s  t o  be t h e  major  c o n t r i b u t o r  t o  p h a s e  n o i s e ,  t h e  
a c c u r a c y  i n  t h e  d e t e r m i n a t i o n  o f  UTl may be p r e d i c t e d ,  and 
is d i s p l a y e d  i n  f i g u r e  3 v e r s u s  e q u a t o r i a l  b a s e l i n e .  

I n  work done i n  c o l l a b o r a t i o n  w i t h  C. M. Wade and  R .  M. 
H j e l l m i n g  o f  t h e  N a t i o n a l  Rad io  Astronomy O b s e r v a t o r y  (NRAO) 
p r e l i m i n a r y  o b s e r v a t i o n s  have been o b t a i n e d  over a b a s e l i n e  
of 35 k i l o m e t e r s .  T h e  o p e r a t i n g  f r e q u e n c y  was 2695 MHz 
( 1 1 . 1  em). The b a s e l i n e  i s  l o c a t e d  on a n  a z i m u t h  a n g l e  of 
a b o u t  -45'. O b s e r v a t i o n s  were o b t a i n e d  of 16 r a d i o  s o u r c e s  
o v e r  a f i v e  day p e r i o d  i n  J a n u a r y  1974.  From t h e  o b s e r v e d  
p h a s e s ,  c o r r e c t i o n s  t o  t h e  e q u a t o r i a l  and p o l a r  b a s e l i n e s ,  
and  s o u r c e  c o o r d i n a t e s  were c a l c u l a t e d  by l e a s t  s q u a r e s .  
T h i s  s o l u t i o n  r e s u l t e d  i n  an r m s  phase n o i s e  o f  16'. T h i s  
is e q u i v a l e n t  t o  a p o s i t i o n  a c c u r a c y  of 0:829 o r  2 m s .  For  
i n d i v i d u a l  source c o o r d i n a t e s ,  t h e  accuracy depends  on t h e  
b a s e l i n e  geometry and  s o u r c e  d e c l i n a t i o n .  F o r  a given 
b a s e l i n e ,  t h e r e  is a d e f i n i t e  c o r r e l a t i o n  v e r s u s  s o u r c e  
d e c l i n a t i o n .  The s o l u t i o n  f o x  r i g h t  a s c e n s i o n  and d c c l i -  
n a t i o n  a r e  not c o r r e l a t e d  for s o u r c e s  nea r  t h e  z e n i t h .  
T h e r e f o r e ,  o b s e r v a t i o n s  o f  a  sou-rcc t h a t  t r a n s i z s  t h r o u g h  
t h e  z e n i t h  w i l l  y i e l d  t h e  most a c c u r a t e  measurement  of  UTI. 



T h i s  is a t t e s t e d  t o  by t h e  f a c t  t h a t  t h e  s o l u t i o n  of t h i s  
s e t  o f  d a t a  f o r  t h e  r i g h t  a s c e n s i o n  o f  3C84 ( 6  = 40O) re- 
s u l t e d  i n  a n  i n t e r n a l  a c c u r a c y  o f  2 m s .  

The a c c u r a , c i e s  of t h e  VLBI t e c h n i q u e  i n  f r i n g e  r a t e  and  
t i m e  d e l a y  a r e  c a l c u l a t e d  a s suming  a n  a c c u r a c y  o f  1 x 10-13 
p a r t s  i n  f r i n g e  r a t e  r e s i d u a l s  (Moran e t  a l .  1973; Cohen 
1971)  and  a n  a c c u r a c y  o f  loF9  s e c o n d s  i n  d e l a y .  The d a t a  
by S h a p i r o  (1974) a g r e e  w e l l  w i t h  t h i s .  T h e r e f o r e  a t  t h e  
p r e s e n t  t i m e  c o n v e n t i o n a l  i n t e r f e r o m e t r y  and  VLBI o f f e r  
s i m i l a r  a c c u r a c i e s  i n  d e t e r m i n i n g  UT1. 

Some o f  t h e  a d v a n t a g e s  o f  t h e  c o n v e n t i o n a l  i n t e r f e r o m e t r y  
t e c h n i q u e  o v e r  VLBI a r e :  

1) V a r i a t i o n s  i n  a t m o s p h e r i c  r e f r a c t i v i t y - - - - t h e  con- 
v e n t i o n a l  t e c h n i q u e  is less  i n f l u e n c e d  by v a r i a t i o n s  i n  
a t m o s p h e r i c  r e f r a c t i v i t y  s i n c e  t h e  a n t e n n a s  a r e  l o c a t e d  
closer t o g e t h e r  and see more n e a r l y  t h e  same a t m o s p h e r i c  
p a t h  c o n d i t i o n s .  

2)  S o l i d  Body E a r t h  T i d e s - - t h e  r e l a t i v e  e f f e c t  of 
s o l i d  body E a r t h  t i d e s  be tween  t h e  a n t e n n a s  o f  a  c o n v e n t i o n -  
a l  i n t e r f e r o m e t e r  is n e g l i g i b l e  w h e r e a s  f o r  VLBI i t  is n o t .  

3) Frequency  S t a n d a r d s - - t h e r e  is no need  f o r  h i g h l y  
s t a b l e  and  p r e c i s e  f r e q u e n c y  s t a n d a r d s  i n  a c o n v e n t i o n a l  
i n t e r f e r o m e t e r ,  whe reas  VLBI r e q u i r e s  hydrogen  maser f r e -  
quency s t a n d a r d s  and  c l o c k  s y n c h r o n i z a t i o n  t o  a mic rosecond .  

4) Da ta  Reduc t ion - - the  d a t a  may be r e d u c e d i n  r e a l  t i m e .  
A f t e r  a  d a y ' s  o b s e r v a t i o n ,  U'T and  p o l a r  mo t ion  may b e  c a l -  
c u l a t e d  i m m e d i a t e l y ,  T h e r e  is no need t o  c o r r e l a t e  m a g n e t i c  
t a p e s  from w i d e l y  s e p a r a t e d  l o c a t i o n s  t o  o b t a i n  c o r r e l a t i o n  
f u n c t i o n s .  

5) S t a t i o n  Management--it is much e a s i e r  t o  manage 
s t a t i o n s  t h a t  a r e  10-100 km a p a r t  t h a n  t h o u s a n d s  of k m  
a p a r t .  

PLANS 

C o n v e n t i o n a l  i n t e r f e r o m e t r y  w i l l  b e  i n v e s t i g a t e d  i n i t i a l l y  
t h r o u g h  e v a l u a t i o n  o f  o b s e r v a t i o n s  o b t a i n e d  w i t h  t h e  NRAO 
i n t e r f e r o m e t e r  and  VLBI t e c h n i q u e s  w i l l  be  f u r t h e r  e v a l u -  
a t e d .  These  d a t a  w i l l  d e f i n e  b a s i c  a c c u r a c y  l i m i t a t i o n s  and  
g u i d e  t h e  d e s i g n  of optimum t e c h n i q u e s  f o r  r a d i o  a s t r o m e t r y .  

The a u t h o r  t h a n k s  C. H. Mayer f o r  h e l p f u l  d i s c u s s i o n s .  
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QUESTION AND ANSWER PERlOD 

OR. COHEN: 

Let me say that I agree that the short normal interferometry tloes indeed have 
many advantages ovcr long-baseline interferometry for tjlning purposes and for 
source position work, In fact there's bccn a racc  for  thc last 5 o r  8 years  over 
who could more accurately do the work, and I think it  has come out even s o  far. 
Long-baseline interferometry has the potential for doing very much better but 
that's still many years away, and so fa r  has not been able to jump ahead of the 
short  baseline business. 

Let me also remark about the V L A .  I should think that the VLA will automati- 
cally have to he calibrated against point sources in the sky at rather  frequent 
intervals, and every time i t  does that it wi l l  automatically generate a UT number, 
so  i t  will in any event do the timing. I'm almost sure  it will. 

DR. JOIINSrl?ON: 

That's right. I asked Barry Clark at NRAO just how :tccurate lhcy were going 
to keep the timing for the VLA, and he said they wcre only going to majntrtin the 
position accuracy to a tenth of an nrcsecond wbjch is thc smallest beam width 
that they plan to use. It docsn't yuitc mcet the necds of thc accuratc timing, 
unfortunately. 




