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ABSTRACT 

S o u r c e  s t r u c t u r e  c a n  i n t r o d u c e  e r r o r s  i n  r a d i o  
i n t e r f e r o m e t r y  m e a s u r e m e n t s  w h e n e v e r  n a t u r a l  r a d i o  
s o u r c e s  a r e  used .  To i n c r e a s e  o u r  u n d e r s t a n d i n g  o f  
t h i s  p r o b l e m ,  a n  a n a l y s i s  p r e v i o u s l y  a p p l i e d  t o  
a n a l y t i c a l  c a s e s  h a s  been extended t o  t h e  b r i g h t n e s s  
d i s t r i b u t i o n s  measured f o r  t e n  e x t r a g a l a c t i c  sources .  
The r e s u l t s  of  t h i s  a n a l y s i s  a r e  p r e s e n t e d  a l o n g  w i t h  
an  approach f o r  avo id ing  t h e  l a r g e s t  s t r u c t u r e  e r r o r s .  

INTRODUCTTON 

A s  t h e  a c c u r a c y  of t h e  r a d i o  i n t e r f e r o m e t r y  t e c h n i q u e  improves ,  t h e  
extended s t r u c t u r e  of n a t u r a l  r a d i o  s o u r c e s  w i l l  become a n  i n c r e a s i n g l y  
i m p o r t a n t  s o u r c e  of  e r r o r .  To f u r t h e r  i n c r e a s e  o u r  u n d e r s t a n d i n g  o f  
s t r u c t u r e  e f f e c t s ,  t h i s  pape r  e x t e n d s  a n  a n a l y s i s  t h a t  was p r e s e n t e d  
a t  l a s t  y e a r ' s  P T T I  c o n f e r e n c e  (I). T h a t  e a r l i e r  p r e s e n t a t i o n  
i n c l u d e d  a b r i e f  i n t r o d u c t i o n  t o  t h e  t h e o r y  o f  s t r u c t u r e  c o r r e c t i o n s  
and  a p p l i e d  t h e  t h e o r y  t o  t h e  a n a l y t i c a l  c a s e s  o f  a d o u b l e - p o i n t  
s o u r c e  and a  t r i p l e - p o i n t  s o u r c e .  A l t h o u g h  a n a l y t i c a l  e x a m p l e s  a r e  
i n s t r u c t i v e ,  o n l y  a thorough s t u d y  o f  many a c t u a l  s o u r c e  d i s t r i b u t i o n s  
c a n  g i v e  a c o m p l e t e  p i c t u r e  o f  s o u r c e  s t r u c t u r e  e f f e c t s .  To b e g i n  
s u c h  a n  i n v e s t i g a t i o n ,  t e n  b r i g h t n e s s  d i s t r i b u t i o n s  m e a s u r e d  by t h e  
C a l t e c h  V L B I  g r o u p  ( 2 ,  3)  h a v e  b e e n  a n a l y z e d .  T h i s  p a p e r  i n c l u d e s  a 
summary  o f  t h e  r e s u l t s  o f  t h i s  more  r e c e n t  a n a l y s i s  and p r e s e n t s  a 
v i s i b i l i t y - d e p e n d e n t  l i m i t  f o r m u l a  t h a t ,  i f  v e r i f i e d ,  would  b e  
v a l u a b l e  i n  bo th  e s t i m a t i n g  and r e d u c i n g  t h e  o v e r a l l  s t r u c t u r e  e f f e c t  
i n  bandwid th - syn thes i s  (BWS) delay.  S i n c e  BWS d e l a y  i s  c u r r e n t l y  t h e  
p r i m a r y  o b s e r v a b l e  i n  g e o p h y s i c a l  a n d  c l o c k - s y n c h r o n i z a t i o n  
a p p l i c a t i o n s ,  t h e  a n a l y s i s  w i l l  f o c u s  on t h a t  obse rvab le .  



STRUCTURE THEORY 

I n  o r d e r  t o  t i e  i n  w i t h  t h e  e a r l i e r  p r e s e n t a t i o n ,  t h e  t h e o r y  o f  
s t r u c t u r e  c o r r e c t i o n s  w i l l  be b r i e f l y  d i s c u s s e d  b e f o r e  p r o c e e d i n g  t o  
t h e  r e s u l t s .  The e f f e c t  of s t r u c t u r e  on t h e  c ros s - co r r e l a t i on  s i g n a l ,  
t h e  i n t e r f e r o m e t e r  f r i n g e s ,  can be obtained by eva lua t ing  t h e  Four i e r  
t ransform of  t h e  b r igh tnes s  d i s t r i b u t i o n :  

in which 

(u ,  v) = (2 .  5) 

where ( B  , y)  a r e  plane-of-the-sky coord ina tes ,  (fioyY, ) i s  an assigned 
r e f e r ence  pos i t i on ,  D ( B ,  y) is t h e  b r igh tnes s  d i s t r i b u t i o n ,  ( x , ~  Ys) is 
t h e  skydpro jec ted  baseline v e c t o r  and 1 i s  t h e  o b s e r v i n g  wavelength .  
The modulus of  t h i s  complex q u a n t i t y  g ives  t h e  e f f e c t  of  s t r u c t u r e  on 
t h e  ampli tude o f  t h e  f r i n g e s  wh i l e  its phase g i v e s  t h e  s h i f t  i n s f r i n g e  
phase.  As one  c a n  s e e ,  t h e  t r a n s f o r m  i s  g e n e r a l l y  a c o m p l i c a t e d  
func t ion  o f  t h e  ins tan taneous  b a s e l i n e  vec to r  between t h e  two antennas. 
The dependence on base l ine  e n t e r s  a s  t h e  "sky-projectedn vec to r  (xs, 
y ,  t h e  two-dimensional v e c t o r  o b t a i n e d  by p r o j e c t i n g  t h e  b a s e l i n e  
vec to r  on to  t h e  plane perpendicu la r  t o  t h e  source  d i r ec t i on .  Thus, t o  
o b t a i n  a g e n e r a l  p i c t u r e  o f  t h e  e f f e c t  o f  a g i v e n  b r i g h t n e s s  
d i s t r i b u t i o n ,  one must compute and p l o t  s t r u c t u r e  e f f e c t s  a s  a  f u n c t i o n  
of (x,, y,). As s u g g e s t e d  by t h e  t r a n s f o r m ,  i t  i s  c o n v e n i e n t  t o  
e x p r e s s  t h e  two  b a s e l i n e  componen t s  i n  u n i t s  o f  1 , t h e  o b s e r v i n g  
wavelength a t  RF. When expressed i n  t h i s  form, t h e  two components a r e  
u s u a l l y  d e s i g n a t e d  ( u ,  v). To o b t a i n  t h e  e f f e c t  o f  s t r u c t u r e  on 
ampli tude and BWS delay,  rewrite t h e  b r igh tnes s  t ransform i n  t h e  form 

where 1 R I  is f r i n g e  ampli tude,  and $B is  s t r u c t u r e  phase. The e f f e c t  
of s t r u c t u r e  on BWS d e l a y ,  which  w i l l  be  r e f e r r e d  t o  a s  s t r u c t u r e  
d e l a y ,  is  a p p r o x i m a t e l y  computed by t a k i n g  t h e  p a r t i a l  o f  s t r u c t u r e  
phase -w i th  r e s p e c t  t o  frequency: 

a k  



(The c o m p u t a t i o n  of s t r u c t u r e  d e l a y  i s  a c t u a l l y  c a r r i e d  o u t  t h r o u g h  a n  
i n t e r m e d i a t e  c a l c u l a t i o n  o f  e f f e c t i v e  p o s i t i o n  (4). For  b r e v i t y ,  t h a t  
p r o c e d u r e  w i l l  n o t  be d i s c u s s e d  here . )  For t h e  a m p l i t u d e  e f f e c t ,  i t  is  
c o n v e n i e n t  t o  d e f i n e  a q u a n t i t y  c a l l e d  f r i n g e  v i s i b i l i t y  t h a t  g i v e s  
f r i n g e  a m p l i t u d e  r e l a t i v e  t o  maximum a m p l i t u d e :  

Thus, once  t h e  b r i g h t n e s s  d i s t r i b u t i o n  f o r  a s o u r c e  h a s  been  s u p p l i e d ,  
one  c a n  compute  v i s i b i l i t y ,  s t r u c t u r e  phase  and s t r u c t u r e  d e l a y  as a 
f u n c t i o n  of  t h e  s k y - p r o j e c t e d  b a s e l i n e  v e c t o r  ( u ,  v). 

RESULTS FOR MEASURED BRIGHTNESS DISTRIBUTIONS 

T a b l e  1 s u m m a r i z e s  t h e  10 b r i g h t n e s s  d i s t r i b u t i o n s  measured  by t h e  
C a l t e c h  g r o u p  ( 2 ,  3 )  a n d  l i s t s  t h e  s o u r c e  n a m e ,  d a t e  o f  m e a s u r e m e n t ,  
o b s e r v i n g  w a v e l e n g t h ,  i n t e r f e r o m e t e r  s t a t i o n s ,  and t h e  maximum v a l u e s  
o f  ( u , v )  p r e s e n t  i n  e a c h  m e a s u r e m e n t ,  I n  a l l ,  t h e r e  a r e  s e v e n  
s e p a r a t e  s o u r c e s  o b s e r v e d  on c o n t i n e n t a l  b a s e l i n e s  a t  w a v e l e n g t h s  o f  
2.8 t o  18 cm. F i g u r e  1 d i s p l a y s  t h e  b r i g h t n e s s  d i s t r i b u t i o n  f o r  one  of 
t h e  s o u r c e s  ( D i s t r i b u t i o n  #9, 3C345) a n d  s h o w s  c o n t o u r s  o f  c o n s t a n t  
b r i g h t n e s s  o n  t h e  p l a n e  o f  t h e  s k y ,  w i t h  e a s t  t o  t h e  l e f t  and  n o r t h  
a l o n g  t h e  v e r t i c a l .  

The  m e a s u r e d  d i s t r i b u t i o n s  c a n  b e  p a s s e d  t h r o u g h  t h e  s t r u c t u r e  
e q u a t i o n s  t o  o b t a i n  f o r  e a c h  d i s t r i b u t i o n  p l o t s  o f  f r i n g e  v i s i b i l i t y ,  
s t r u c t u r e  phase ,  and s t r u c t u r e  de l ay .  F i g u r e  2 gives  t h e  r e s u l t s  f o r  
v i s i b i l i t y  f o r  t h e  p a r t i c u l a r  d i s t r i b u t i o n  i n  F i g u r e  1. C o n t o u r s  o f  
c o n s t a n t  v i s i b i l i t y  a r e  p l o t t e d  a s  a f u n c t i o n  o f  ( u ,  v ) ,  t h e  components  
of t h e  s k y - p r o j e c t e d  b a s e l i n e  v e c t o r .  A s i m i l a r  c o n t o u r  p l o t  f o r  
s t r u c t u r e  d e l a y  i s  g i v e n  i n  F i g u r e  3. I n  t h e  p l o t s ,  u i s  d e f i n e d  t o  
b e  p o s i t i v e  t o  t h e  e a s t  a n d  v  p o s i t i v e  t o  t h e  n o r t h .  S i n c e  t h e  u-v 
c o v e r a g e  a s s o c i a t e d  w i t h  a g i v e n  d i s t r i b u t i o n  s h o u l d  n o t  ex t end  beyond 
t h e  maximum v a l u e s  a l l o w e d  b y  b a s e l i n e  l e n g t h  c o n s i d e r a t i o n s ,  t h e  
c o n t o u r  p l o t s  a r e  marked w i t h  an  approximate boundary  o u t s i d e  o f  which  
t h e  o u t p u t  h a s  b e e n  d i s c a r d e d .  One i m p o r t a n t  p o i n t  c o n c e r n i n g  t h e  
c u r r e n t  a n a l y s i s  i s  that a l l  o f  t h e  s t r u c t u r e  d e l a v s  h a v e  b e e n  
c o m p u t e d  o n  t h e  b a s i s  of a n  " a r > t i f i c i a l f f  f r e q u e n c y  of' 8.3 GHz ( ?  = 3.6 
cm), I n  e f f e c t ,  t h i s  a s s i g n m e n t  o f  f p r e t e n d s  t h a t ,  f o r  s t r u c t u r e  



d e l a y  computa t ion ,  all d i s t r i b u t i o n s  were measured f o r  t h e  s p e c i f i e d  u- 
v  v a l u e s  a t  8.3 GHz even though t h e y  were not. The r e a s o n  f o r  t h i s  
a s s ignment  is t h a t  most  of o u r  work w i l l  be c a r r i e d  o u t  a t  X-band and 
i t  i s  t h e r e f o r e  i m p o r t a n t  t o  compare a l l  s t r u c t u r e  d e l a y  r e s u l t s  a t  
one  frequency.  To o b t a i n  t h e  s t r u c t u r e  d e l a y  a t  t h e  a c t u a l  f r equency ,  
o n e  c a n  e a s i l y  s c a l e  t h e  r e s u l t s  by f-I ( o r  by  h 1. To u s e  t h e  d e l a y  
p l o t  f o r  a g i v e n  o b s e r v a t i o n ,  o n e  would  c o m p u t e  t h e  s k y - p r o j e c t e d  
b a s e l i n e  v e c t o r  f o r  t h a t  o b s e r v a t i o n  and o b t a i n  t h e  s t r u c t u r e  d e l a y  f o r  
t h a t  p o i n t  o n  t h e  p l o t .  F o r  t h i s  p a r t i c u l a r  s o u r c e ,  t h e  s t r u c t u r e  
d e l a y  r e a c h e s  a b o u t  1 5 0  p s e c  a t  i t s  w o r s t  p o i n t  b u t  u s u a l l y  f a l l s  i n  
t h e  r a n g e  0 t o  50 p s e c .  

Even though t h e  r e s u l t s  f o r  t h e  o t h e r  n i n e  d i s t r i b u t i o n s  were  j u s t  as 
c o m p l e x ,  some  g e n e r a l  d e s c r i p t i v e  s t a t e m e n t s  c a n  b e  made. The 
m a g n i t u d e s  o f  t h e  s t r u c t u r e  d e l a y s  (computed f o r  X-band r e l a t i v e  t o  
t h e  c e n t r o i d )  were a s  l a r g e  as a  nanosecond but  t y p i c a l l y  f e l l  between 
0  and 150 p s e c .  The l a r g e s t  d e l a y s  ( %  1  n s e c )  o c c u r r e d  i n  v e r y  
l o c a l i z e d  r e g i o n s  i n  t h e  u - v  p l a n e  w h e r e  v e r y  s m a l l  f r i n g e  
v i s i b i l i t i e s  ( %0.03) o c c u r r e d .  On a v e r a g e ,  s t r u c t u r e  d e l a y  i n c r e a s e d  
as f r i n g e  v i s i b i l i t y  decreased, a s  one would e x p e c t  (4). 

A L I M I T  APPROACH STRUCTURE DELAYS -- 

T h e s e  r e s u l t s  i n d i c a t e  t h a t ,  i f  s u b n a n o s e c o n d  c l o c k  s y n c h r o n i z a t i o n  
becomes a g o a l ,  some method must be dev i sed  f o r  r e d u c i n g  o r  c a l i b r a t i n g  
s t r u c t u r e  e f f e c t s .  I n  g e o p h y s i c a l  a p p l i c a t i o n s ,  t h e r e  i s  a l r e a d y  a 
need  f o r  d e l a y  a c c u r a c i e s  b e t t e r  t h a n  0.1 n s e c .  A p o s s i b l e  method  
f o r  removing s t r u c t u r e  d e l a y s  i s  t h e  a fo rement ioned  c a l i b r a t i o n  scheme 
based on measured b r i g h t n e s s  d i s t r i b u t i o n s .  The p r i m a r y  d i f f i c u l t y  w i t h  
t h i s  a p p r o a c h  i s  t h a t  a n  i n d i v i d u a l  V L B I  s t r u c t u r e  m e a s u r e m e n t  i s  
c u r r e n t l y  a f a i r l y  expens ive  and time-consuming p rocess .  The p r o s p e c t  
of working w i t h  ve ry  l a r g e  c a t a l o g u e s ,  p o s s i b l y  c o n t a i n i n g  many t ime-  
v a r y i n g  members, makes t h e  c a l i b r a t i o n  approach even less i n v i t i n g .  It 
is  t h e r e f o r e  w o r t h w h i l e  t o  i n v e s t i g a t e  a l t e r n a t e  methods f o r  overcoming 
s t r u c t u r e  problems. 

A n o t h e r  a p p r o a c h  i s  s u g g e s t e d  by t h e  g e n e r a l  t e n d e n c y  o f  s t r u c t u r e  
d e l a y  t o  i n c r e a s e  w i t h  d e c r e a s i n g  f r i n g e  v i s i b i l 2 . t ~ .  Suppose a  g e n e r a l  
f o r m u l a  could  be e s t a b l i s h e d  t h a t ,  p u r e l y  on t h e  b a s i s  of t h e  v a l u e  o f  
f r i n g e  v i s i b i l i t y ,  p l a c e s  a n  upper  l i m i t  on s t r u c t u r e  delay.  Then, i f  
t h e  l i m i t  t u r n e d  o u t  t o  be s u f f i c i e n t l y  small f o r  some upper range o f  
v i s i b i l i t y  v a l u e s ,  t h e  l a r g e r ,  u n a c c e p t a b l e  s t r u c t u r e  d e l a y s  could  be 
e l i m i n a t e d  by mere ly  d e l e t i n g  o b s e r v a t i o n s  w i t h  t h e  s m a l l e r  v i s i b i l i t y  
v a l u e s .  Such  a n  a p p r o a c h  i s  a t t r a c t i v e  s i n c e  f r i n g e  v i s i b i l i t y  c a n  



o f t e n  be o b t a i n e d  a l o n g  w i t h  each VLBI observa t ion .  If t h e  v i s i b i l i t y  
d e t e r m i n a t i o n s  were a c c u r a t e  enough, t h e  exper iment  would n o t  depend on 
supp lementa ry  measurements of  b r i g h t n e s s  d i s t r i b u t i o n s .  One i m p o r t a n t  
p o i n t  t h a t  s h o u l d  b e  made i s  t h a t  t h e  p r o p o s e d  u p p e r  l i m i t  wou ld  n o t  
have t o  be an  a b s o l u t e  l i m i t ,  v a l i d  f o r  e v e r y  source .  For example,  i t  
w o u l d  b e  u s e f u l  t o  e s t a b l i s h , i f  p o s s i b l e ,  a n  a p p r o x i m a t e  3 c ~  
s t a t i s t i c a l  l i m i t  s o  t h a t  s t r u c t u r e  e r r o r s  could  be t r e a t e d  l i k e  o t h e r  
e r r o r s .  A n o t h e r  e x a m p l e  would  be  a l i m i t  t h a t  was  v a l i d  f o r  a l l  
s o u r c e s  e x c e p t  f o r  i n f r e q u e n t  p a t h o l o g i c a l  c a s e s .  I n  f i t s  w i t h  
redundant  o b s e r v a t i o n s ,  s u c h  p a t h o l o g i c a l  cases could  be d i s c o v e r e d  and 
d e l e t e d  th rough  r e s i d u a l  a n a l y s i s .  

To b e g i n  a n  a s s e s s m e n t  o f  t h e  l i m i t  a p p r o a c h ,  a p a r t i c u l a r  f o r m u l a  
a s s o c i a t e d  w i t h  a  d o u b l e - p o i n t  s o u r c e  h a s  b e e n  t e s t e d .  The 
c a n d i d a t e  l i m i t  e q u a t i o n  is g i v e n  by 

which can be r e w r i t t e n  i n  u n i t s  of l e n g t h  i n  t h e  form 

w h e r e  f a n d  h a r e  t h e  o b s e r v i n g  f r e q u e n c y  a n d  w a v e l e n g t h  
r e s p e c t i v e l y ;  w h e r e  v, i s  t h e  f r i n g e  v i s i b i l i t y  f o r  t h e  
o b s e r v a t i o n  a t  hand; and where A T  i s  t h e  s t r u c t u r e  d e l a y  r e l a t i v e  t o  
t h e  o r d i n a r y  c e n t r o i d .  A p l o t  o f  t h e  f u n c t i o n  i s  shown i n  F i g u r e  4 f o r  
X-band. S e v e r a l  arguments  can be advanced t o  s u p p o r t  t h i s  f o r m u l a  a s  a 
g e n e r a l  u p p e r  L i m i t .  F i r s t ,  f o r  s m a l l  ( u ,  v ) ,  o n e  c a n  p r o v e  
a n a l y t i c a l l y  t h a t  t h e  f o r m u l a  s e t s  a v a l i d  ( b u t  l o o s e )  upper l i m i t  f o r  
any source.  Second, f o r  a number of  s p e c i a l  c a s e s ,  one can prove t h a t  
no g r e a t e r  s t r u c t u r e  d e l a y  can be ob ta ined  f o r  a  g i v e n  v i s i b i l i t y  (4). 
F i n a l l y ,  w i t h  r e g a r d  t o  form,  one would expec t  s t r u c t u r e  d e l a y  t o  
i n c r e a s e ,  o n  a v e r a g e ,  i n  i n v e r s e  p r o p o r t i o n  t o  v i s i b i l i t y  f o r  s m a l l  
v i s i b i l i t i e s  (4 ) .  Although t h e r e  are t h e s e  s u p p o r t i n g  arguments ,  one 
c a n n o t  p r o v e  a n a l y t i c a l l y  t h a t  t h e  e q u a t i o n  s e t s  a v a l i d  u p p e r  l i m i t  
f o r  a n y  a r b i t r a r y  d i s t r i b u t i o n .  Thus ,  t h e  n e x t  s t e p  would  b e  
compar isons  w i t h  a l a r g e  number of  measured d i s t r i b u t i o n s .  When t h e  
l i m i t  w a s  t e s t e d  w i t h  t h e  t e n  m e a s u r e d  d i s t r i b u t i o n s ,  i t  was f o u n d  
t h a t ,  f o r  t h o s e  cases, t h e  l i m i t  was approx imate ly  v a l i d  f o r  a l l  v,. 



I f  t h e  s a m e  r e s u l t  i s  o b t a i n e d  f o r  n e a r l y  a l l  r e a l  s o u r c e s ,  t h e n  t h e  
L i m i t  e q u a t i o n  would be o f  g r e a t  v a l u e  i n  bo th  r e d u c i n g  and e s t i m a t i n g  
s t r u c t u r e  e f f e c t s  i n  BWS d e l a y s .  F o r  e x a m p l e ,  i f  o n e  s e t  o f  a  l o w e r  
l i m i t  o f  0.2 o n  f r i n g e  v i s i b i l i t y ,  t h e n  t h e  maximum s t r u c t u r e  d e l a y  
p r e d i c t e d  by t h e  l i m i t  f o r m u l a  would  be  a b o u t  1 5 0  p s e c  a t  X-band (8.3 
G H z ) .  Many o b s e r v a t i o n s  would  h a v e  v i s i b i l i t i e s  l a r g e r  t h a n  0.2 and  
t h e r e f o r e  would have s m a l l e r  l i m i t s  on s t r u c t u r e  delay.  F u r t h e r ,  f o r  
t h e  c a s e s  a n a l y z e d  h e r e ,  a c t u a l  s t r u c t u r e  d e l a y s  were a l m o s t  a l w a y s  
much l e s s  t h a n  t h e  l i m i t ,  w i t h  t h e  RMS v a l u e  b e i n g  about  1 / 3  o f  t h e  
limit o r  l e s s  a t  a g i v e n  v a l u e  of v i s i b i l i t y .  If we h y p o t h e s i z e  on t h e  
b a s i s  o f  t h i s  i n f o r m a t i o n  t h a t  t h e  a fo rement ioned  maximum d e l a y  o f  150 
p s e c  i s  a n  approx imate  e s t i m a t e  o f  t h e  3 u d e l a y  f o r  a l l  o b s e r v a t i o n s ,  
t h e n  t h e  I  e r r o r  i n  d e l a y  f o r  a l l  o b s e r v a t i o n s  would be about  50 
p s e c .  T h i s  c a l c u l a t i o n  s u g g e s t s  o n e  m i g h t  be  a b l e  t o  r e d u c e  t h e  
1 0  s t r u c t u r e  d e l a y  t o  a b o u t  5 0  p s e c  s i m p l y  b y  d e l e t i n g  
o b s e r v a t i o n s  w i t h  f r i n g e  v i s i b i l i t i e s  l e s s  t h a n  0.2. 

SUMMARY AJQ CONCLUSIONS 

To b e g i n  a s t u d y  o f  s t r u c t u r e  e f f e c t s  f o r  n a t u r a l  s o u r c e s ,  '10 
b r i g h t n e s s  d i s t r i b u t i o n s  m e a s u r e d  by t h e  C a l t e c h  g r o u p  h a v e  b e e n  
a n a l y z e d .  The m a g n i t u d e  o f  s t r u c t u r e  d e l a y  ( t h e  BWS d e l a y  e f f e c t  
computed f o r  X-band r e l a t i v e  t o  t h e  o r d i n a r y  c e n t r o i d )  was a s  l a r g e  a s  
a n a n o s e c o n d  b u t  t y p i c a l l y  f e l l  b e t w e e n  0  and 150 p s e c .  On a v e r a g e ,  
s t r u c t u r e  d e l a y  t e n d e d  t o  i n c r e a s e  as f r i n g e  v i s i b i l i t y  d e c r e a s e d .  
These f e a t u r e s  s u g g e s t  t h e  p o s s i b i l i t y  of a  l i m i t  approach t o  s t r u c t u r e  
d e l a y .  To b e g i n  a n  i n v e s t i g a t i o n  o f  t h i s  a p p r o a c h ,  a v i s i b i l i t y -  
dependent  l i m i t  f o r m u l a  has  been sugges ted  t h a t  a p p e a r s  t o  c o r r e c t l y  
s e t  a n  approx imate  upper l i m i t  on s t r u c t u r e  d e l a y  f o r  10  p a r t i c u l a r  
b r i g h t n e s s  d i s t r i b u t i o n s .  The r e s u l t s  f o r  t h e s e  s o u r c e s  s u g g e s t  t h a t  
s o u r c e  s t r u c t u r e  e f f e c t s  i n  BWS d e l a y  m i g h t  be  r e d u c e d  t o  a b o u t  5 0  
psec  (1 0 ) s i m p l y  by d e l e t i n g  o b s e r v a t i o n s  w i t h  f r i n g e  v i s i b i l i t i e s  
l e s s  t h a n  0.2. If  t h i s  t e c h n i q u e  o r  some r e f i n e m e n t  p roves  s u c c e s s f u l  
i n  r e d u c i n g  t h e  I a s t r u c t u r e  d e l a y  t o  50 psec  o r  below, t h e n  i t  wou:ld 
n o t  be  n e c e s s a r y  t o  make s u p p l e m e n t a r y  b r i g h t n e s s  d i s t r i b u t i o n  
measurements f o r  t h e  purpose o f  c a l i b r a t i n g  a s o u r c e  c a t a l o g u e  u n t i l  
t h e  g o a l  f o r  t o t a l  d e l a y  e r r o r  ( 1  0 ) f a l l s  b e l o w  a b o u t  100-150 p s e c .  
I n  t h e  n e a r  f u t u r e ,  t h e s e  h igh  a c c u r a c i e s  w i l l  p robab ly  be i n  g r e a t e r  
demand i n  g e o p h y s i c a l  and  a s t r o m e t r i c  a p p l i c a t i o n s  t h a n  i n  c l o c k -  
s y n c h r o n i z a t i o n  a p p l i c a t i o n s .  



A f i n a l  word of c a u t i o n  would be t h a t  t h e  l i m i t  approach i n  its p r e s e n t  
form has  n o t  yet  been v e r i f i e d .  I t  may t u r n  o u t  t h a t ,  a t  t h e  large u- 
v  v a l u e s  a s s o c i a t e d  w i t h  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 ,  t o o  f e w  n a t u r a l  
s o u r c e s  p o s s e s s  s u f f i c i e n t l y  l a r g e  f r i n g e  v i s i b i l i t i e s  i n  t h e  r equ i r ed  
u-v reg ions .  F u r t h e r ,  t h e  measured d i s t r i b i t i o n s  cons ide red  h e r e  a r e  
t o o  few i n  number  and t o o  l i m i t e d  i n  u-v c o v e r a g e  and o b s e r v i n g  
f requency  t o  p rov ide  a g e n e r a l  v e r i f i c a t i o n .  The u-v coverage i s  t o o  
l i m i t e d  b e c a u s e  ( a )  t h e  a b s e n c e  o f  s h o r t  b a s e l i n e s  ( 5  300  km) c a n  
a l l o w  i m p o r t a n t  l a r g e  s c a l e  s t r u c t u r e  t o  be  r e s o l v e d  o u t  and missed and 
( b )  t h e  a b s e n c e  o f  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  c a n  a l l o w  i m p o r t a n t  
s m a l l  s c a l e  s t r u c t u r e  t o  r e m a i n  u n r e s o l v e d .  One e x a m p l e  o f  a  s o u r c e  
d i s t r i b u t i o n  t h a t  would  v i o l a t e  t h e  l i m i t  f o r m u l a  would  b e  a l a r g e ,  
s t r o n g  d i f f u s e  component d i s p l a c e d  by a c o n s i d e r a b l e  d i s t a n c e  f rom a  
weaker compact component. I n  t h i s  c a s e ,  t h e  e f f e c t i v e  p o s i t i o n  would 
move from t h e  c e n t r o i d  o f  bo th  components t o  t h e  c e n t e r  o f  t h e  compact 
c o m p o n e n t  a s  b a s e l i n e  l e n g t h  i n c r e a s e d .  If t h e  s e p a r a t i o n  of  
components were  g r e a t  enough, l a r g e  changes i n  s t r u c t u r e  d e l a y  could  
o c c u r .  More s u r v e y  d a t a  i s  r e q u i r e d  t o  d e t e r m i n e  w h e t h e r  t h e  
p e r c e n t a g e  of s o u r c e s  t h a t  f a l l  i n  t h i s  c a t e g o r y ,  o r  o t h e r  d i s a l l o w e d  
c a t e g o r i e s ,  i s  t o o  l a r g e  f o r  t h e  l i m i t  e q u a t i o n  i n  i t s  p r e s e n t  form t o  
be  v a l i d .  Even if t h e  p r e s e n t  f o r m  i s  u n s u i t a b l e ,  i t  s h o u l d  be 
p o s s i b l e  t o  c o n s t r u c t  a n o t h e r  v i s i b i l i t y - d e p e n d e n t  l i m i t  t h a t  i s  v a l i d  
f o r  n e a r l y  a l l  s o u r c e s .  How u s e f u l  t h e  t h e  f i n a l  form w i l l  be  i n  
overcoming s o u r c e  s t r u c t u r e  problems remains  t o  be determined.  

I n  f u t u r e  work, we p l a n  t o  i n v e s t i g a t e  more s o u r c e s  w i t h  more d e t a i l e d  
a n a l y s i s  w i t h  t h e  hope t h a t  t h e  p r e s e n t  l i m i t  approach,  o r  some r e f i n e d  
v e r s i o n ,  can be g e n e r a l l y  e s t a b l i s h e d .  
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SUMMARY OF BRIGHTNESS 
DISTRIBUTION MEASUREMENTS 

TABLE 1 

STATION CODE: 1 = NRAO; 2 =  FDVS; 3 - 0 V R O ;  4 = HCRK; 5 = HSTK 

DISTRIBUTION 
NUMBER 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 
- 

SOURCE 

3C 119 

3C 286 

3C345 

MEASUREMENT 
DATE 

MAY, 1976 

MAY, 1976 

MAY, 1976 

OBSERV l NG 
WAVELENGTH 

(cm 1 

18 

18 

18 

3C454.3 

CTA 102 

3C273 

3C345 

3C273 

3C 345 

3C 120 

18 

18 

2.8 

2.8 

6 

6 

6 

MAY, 1976 

MAY, 1976 

JULY, 1977 

JULY, 1977 

DECEMBER, 1977 

DECEMBER, 1977 

DECEMBER, 1977 

TOTAL 
FLUX 
(Jy l  

7.5 

13.5 

6.5 

19 /8 

I9/7 

135 /40 

140/80 

50/15 

60 /40 

60 /20 

I NTERFE ROMETE R 
STAT t O N S  

/ 2 , 3 , 4  

1 Z 3 , 4  

1 2, 3, 4 

12.0 

6.4 

41.0 

7.5 

46.2 

7.8 

6.6 

UMAX / vnwx 
(1o6h1  

19 /12 

19 /10 

19 / 12 

1, 2 3, 4 

1 2 3 4  

4 2 3 5  

1 2 3 3  

1 Z,3, 4 

1, 2 3, 4 

5 2, 3, 4 I 



AN E X A M P L E  B R I G H T N E S S  D I S T R I B U T I O N  
3 C  345 DISTRIBUTION 9 
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-- 

FIGURE 1 

F R I N G E  V I S I B I L I T Y  
3 C  345 DISTRIBUTION 9 
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STRUCTURE DELAY * RELATIVE T O  
BRIGHTNESS C E N T R O I D  
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