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ABSTRACT 

A brief review of the fundamental principles of very-long- 
baseline interferometry (VLBI), with emphasis on the role 
of the frequency standard, will be given first, followed 
by a discussion of the accomplishments to date in the 
fields of a s t r ~ m e t ~ y ,  geodesy, and geophysics. The instru- 
mental improvements now under development and their con- 
sequences for these sciences will then be described. 



QUESTION AND ANSWER PERIOD 

DR. VESSOT: 

I t h i n k  t h e s e  a s t r o n o m i c a l  p a p e r s  o f t e n  l e a v e  u s  i n  a  
l i t t l e  bit of a mind-bogg led  c o n d i t i o n .  I wonder ,  do you 
have  a gee-whiz  number which  t e l l s  u s  what a m i l l i a r c  
s e c o n d  is? Is i t  t h e  s i z e  of  a Volkswagen on t h e  moon? 

PROF.  SHAPIRO: 

A m i l l i a r c  s econd  i s  5 t i m e s  1 0  t o  t h e  minus  n i n t h  r a d i a n s  
so  1 , 0 0 0  k i l o m e t e r s  i s  10 '  c e n t i m e t e r s ,  s o  i t  is  a h a l f  a 
c e n t i m e t e r  a t  a t h o u s a n d  k i l o m e t e r s .  

DR. VESSOT: 

T h i s  f i e l d ,  t o  me, is  e x t r e m e l y  e x c i t i n g  i n  t h a t  i t  is  a 
v e r y  immedia te  i n d i c a t i o n  t h a t  t i m e  is r e l a t e d  t o  a l o t  of 
o t h e r  t h i n g s ,  and  i n  f u t u r e  t h e s e  c o n f e r e n c e s  may w e l l  b e  
c a l l e d  t h e  PTTI i n  l e n g t h  o r  PTTI i n  a n g l e  m e a s u r i n g ,  
b e c a u s e  d i s t a n c e  i s  going t o  b e  i n  -- i s ,  r i g h t  now -- 
p h i l o s o p h i c a l l y  n o t  s e p a r a b l e  f rom t i m e  i n t e r v a l ,  and I 
know w e l l  t h a t  t h e  work a t  t h e  Bureau  of S t a n d a r d s  which 
Helwig is headed  t o w a r d ,  is t o  i n t e g r a t e  t h e  q u e s t i o n  01 
t i m e  i n t e r v a l  and d i s t a n c e .  

N o w ,  I r w i n  S h a p i r o  h a s  measured  t h e  d i s t a n c e  a c r o s s  t h e  
s o l a r  s y s t e m  i n  t e r m s  o f  t i m e ,  so  your  y a r d s t i c k  i s n ' t  
s c r a t c h e s  on a  k i l o m e t e r  bar s o m e p l a c e ,  b u t  -- 
PROF.  SIIAPIRO : 

L i g h t  s e c o n d s .  

DR. VESSOT: 

L i g h t  s e c o n d s ,  o r  s c r a t c h e s  on some o t h e r  b a r ,  bu t  a d i f -  
f e r e n t  k i n d  o f  b a r .  

PROF.  SHAPIRO: 

I n  I a c t ,  none o f  t h e  work ,  e i t h e r  t h e  VLBI work on t h e  
e a r t h  o r  t h e  r a d a r  work i n  t h e  s o l a r  s y s t e m  is  a t  a l l  
r e l a t e d  t o  t h e  -- w e l l ,  t h a t  i s  n o t  q u i t e  s o ,  b u t  it i s  
e f l ' e c t i v e l y  t h a t  k i l o m e t e r s  a r e  r e l e v a n t  f o r  o u r  work.  

The l i g h t  s econd  i s  t h e  key  t o  s u c c e s s .  

426 



MR. KRUTENAT : 

Would you care t o  expand o n  t h e  e x p a n s i o n  of t h o s e  two 
centers? I h e a r d  two numbers ,  twice  t h e  s p e e d  o f  l i g h t  and 
t h r e e  times t h e  s p e e d  of l i g h t .  

PROF. SHAPIRO: 

I j u s t  d i d  t h a t  t o  see i f  I would g e t  rise out of a n y o n e ,  
t o  see i f  anyone  was awake. T h a t  d i d  not imply  any v i o l a -  
t i o n  of g e n e r a l  r e 1 . a t i v i t y .  I t  i s  s i m p l y  t h a t  you c a n  t a k e  
t w o  s o u r c e s  and have  them expand ,  one  from t h c  o t h e r ,  in 
t h e i r  f r ame  a t ,  s a y ,  .95  t i m e s  t h e  s p e e d  o 1  l i g h t ,  and look  
a t  them.  Look a t  t h e  l i g h t  t h a t  a r r i v e s  f rom onc  of  them 
where  you a r e ,  and l o o k  a-L t h e  l i g h t  t h a t  a r r i v e s  f rom t h e  
o t h e r  one where  you a r e ,  b u t  t h o s e t w o  a re  a r r i v i n g  a t  t h e  
same t i m e ,  and  w i t h  -1 ; r iv ia l  e l e r n e n . t a r y , , l ~ ~ b r a  t h a t  vou wou1.d 
l e a r n  i n  h i g h  s c h o o l ,  you can t h e n  c a . l c u l a t e  what the 
a p p a r e n t  s p e e d  of  s e p a r a t i o n  i s ,  l ooked  at, on t h e  p l a n e  
normal  t o  you r  l i , n e  of s i g h t ,  and y o u  can  g e t  a r b i t r a r i l y  
h i g h  a p p a r e n t  v e l - o c i  t y  . 

T h a t  i s  why t h e r e  was that s u b - a p p a r e n t ,  and t h e r e  i s  no 
i m p l i e d  v i o l a t i o n  of g e n e r a l  r e l a t i v i t y ,  b u t  i t  i s  c e r t n i n l y  
a n  i m p l i c a t i o n  t h a t  t h i n g s  are h a p p e n i n g  r a p i d l y ,  and  t h a t  
is why I s t r e s s e d  t h a t .  




