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ABSTRACT 

'The B lock  % Very Long Base l ine .  I n t e r f c r o r n e t e r  (VLBI) 
o p e r a t e d  by t h e  Deep Spacc  Network (DSN) i s  used t-o 
make weekly  measurements  o f  t h e  r e l a t i v e  epocll and 
ra te  o f f s e t s  between t h e  time s t a n d a r d s  i n  t h e  g l o b a l  
n e t w o r k  01 DSN s t a t i o n s .  Over t h e  p a s t  y e a r ,  t h e  
p r e c i s i o n  of: t hcsc  measurements  h a s  r o l l t i l l e l y  a c h i e v e d  
sub-microsecond ? ~ v e l s  f o r  epoch o f f s e t  and a c c l t r a c i e s  
o r  b e t t e r  t h a n  o n e  p a r t  i n  1 for r a t e  o f f  s e t .  The 
h p l c n i e n t a t  i.on of  the phase c n l i 1 ) r a t o r  sys t em will .  
pe rmi t  a h s o l u t c  measure~iicnt- o f  epoch o f i s c t  t o  b e t t e r  
t h a n  10 nanosecnnds  . 1;'it.h t h e  nea r - r ea l - t -  ime p l a y -  
back and o n - l i n e  s t o r a g e  o f  VLBT d a t a ,  t h e  B lock  I 
s y s t e m  t y p i c a l l y  p r o d u c e s  c l o c k  p a r a m e t e r s  w i t h i n  48 
h o u r s  from t h e  t i m e  of  o b s e r v a t i o n .  

INTRODUCTION 

The B lock  T VLBI (Very Long B a s e l i n e  I n t e r f e r o m e t r y )  s y s t e m  rl] h a s  
been d e v e l o p e d  a t  ,JPL t o  p r o v i d e  Deep Spacc  S t a t i o n  (DSS) c l o c k  
s y n c h r o n i z a t i o n ,  p l a t f o r m  para i i le tc r  d e t e r m i n a t i o n  (LIT1 2 n d  p o l a r  
mot ion-UTPFI) arid s p a c e c r a f  t n a v i g a t i o n  i n  n e a r l y  r c a l  t i r n e .  The 
a c c u r a c y  g o a l s  f o r  t.he sys t em i n  t h e  1 9 8 1  t i m e  Frame c a l l  f o r  measure-  
mcnt o f  epoch o f f s e t  t o  1 5 0  ns, r a t e  o f f s e t  t o  0 . 6  ps/s,  and UTPM t o  
30 c e n t i m e - t e r s  i n  e a c h  component .  l.)uri.ng c r i t i c a l  e v e n t s ,  such  a s  
p l - a n e t a r y  e - n c o u n t e r s ,  t h e  r e s u l t s  a r e  t o  be a v a i l a b l e  within 2 4  h o u r s  
f rom t h e  t i m e  o f  d a t a  a c q u i s i t i o n .  'iJit1i t h e  imp lemen ta t ion  of t h e  
p h a s e  c a l i b r a t o r  s y s t e m ,  now n e a r l y  co inple ted ,  the a c c u r a c y  o f  t h e  
epoch o f f s e t  meastirerncnts w i l l  improve t o  b e t t e r  t h a n  1 0  nanoseconds .  

From 1980  December t o  1 9 8 1  August ,  sys t em de-veloprr~ent w a s  c a r r i e d  o u t  
c o n c u r r e n t l y  w i t h  o b s e r v n t  i o n s  d e s i g n e d  t o  moni t  o r  c l n c k  p a r a m e t e r s  
and IJTPM. T h i s  r e p o r t  d e s c r i b e s  the s t -eps  involve-d i n  c o n d u c t i n g  and 
p r o c e s s i n g  t h e  o b s e - r v a t i o n s  and  t h e  r e s r ~ l  ts  th..it were o b t a i n e d  f o r  the 
c l .ock  p a r a m e t e r s .  

BJ.ock I VT3RI System 

The B lock  I system is  implemented a t  t h e  Deep Space  Network (DSN) 
64 meter r a d i o  t e l e s c o p e s  l o c a t e d  a t  Madri.d, S p a i n  (DSS 63) C a n b e r r a ,  
A u s t r a l t a  (DSS 43) and  ( > o l d s t o n e ,  C a l i f o r n i a  (DSS 1 4 )  . The ha rdware  
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c o n f i g u r a t i o n s  a t  a l l  t h r e e  s t a t i o n s  are i d e n t i c a l ,  c o n s i s t i n g  of S and 
X-band r e c e i v e r s ,  phase  c a l i b r a t o r s ,  channe l  m u l t i p l e x e r s ,  a n a l o g  
t o  d i g i t a l  c o n v e r t e r s  and t a p e  r e c o r d e r s ,  a s  shown i n  F i g u r e  1 f o r  
a p a i r  of s t a t i o n s .  The r e c e i v e r s  u s e  maser f r o n t  ends  t o  a c h i e v e  
system t e m p e r a t u r e s  of 2 5 O K  o v e r  a  4 0  MHz bandpass a t  S-band and 
100  MHz at  X-band. Up t o  4  c h a n n e l s  may be recorded  i n  each  band by 
t i m e  m u l t i p l e x i n g  t o  o b t a i n  a maximum spanned bandwidth of 40  MHz. 
I n d i v i d u a l  c h a n n e l s  have bandwidths of 250  KHz and are d i g i t i z e d  by 
s i g n ,  t i m e  tagged  and t h e n  recorded  a t  500 K ~ / S  on d i g i t a l  t a p e .  The 
f requency  and t iming  systems a t  t h e  s t a t i o n  a r e  c o n t r o l l e d  by hydrogen 
masers  w i t h  f requency  s t a b i l i t i e s  of Af/f  < 10-14. The recorded  d a t a  
a r e  r e p l a y e d  from t h e  s t a t i o n s  t o  JPL o v e r  t h e  NASCOM wide band d a t a  
l i n e s  a t  56 ~ b / s ,  where t h e y  a r e  s t o r e d  on t h e  d i s c s  of t h e  VLBI 
p r o c e s s o r  f o r  c r o s s - c o r r e l a t i o n .  When t h e  d a t a  from b o t h  s t a t i o n s  have 
been r e c e i v e d  a t  JPI,, u s u a l l y  w i t h i n  1 0  h o u r s  o f  t h e  o b s e r v a t i o n s ,  t h e y  
a r e  c r o s s - c o r r e l a t e d .  The r e s u l t i n g  c o r s e l . a t i o n  f u n c t i o n  is  a n a l y z e d  
by 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  o f  t h e  VLBI p r o c e s s o r  t o  d e t e r m i n e  
c l o c k  paramete rs  and UTPM. 

Observa t ion  Procedures  

Beginning i n  1980 weekly VLBT o b s e r v i n g  s e s s i o n s  were scheduled on b o t h  
t h e  Ca l i fo rn ia -Spa in  and 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 s  f o r  t h e  purpose  
o f  moni to r ing  c l o c k  p a r a m e t e r s  and UTPM and f o r  Block I system develop-  
ment and t e s t i n g .  I n  most c a s e s  b o t h  b a s e l i n e s  were observed i n  t h e  
same 24 hour  p e r i o d .  E s t i m a t i o n  o f  c l o c k  paramete rs  r e q u i r e s  o n l y  a 
s i n g l e  b a s e l i n e ,  bu t  UTPM e s t i m a t e s  r e q u i r e  two b a s e l i n e s  t o  s e p a r a t e  
t h e  t h r e e  components. 

For each  b a s e l i n e ,  7 t o  13  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  from t h e  J P L  
n a v i g a t i o n  s o u r c e  c a t a l o g  [ 2 ]  were observed f o r  200 seconds each.  The 
s o u r c e s  t o  be  observed w e r e  chosen t o  g i v e  a n  o b s e r v a t i o n  s c h e d u l e  
which would minimize t h e  c o r r e l a t i o n s  between t h e  c l o c k  and UTPM 
paramete rs .  For most of t h e  1981 o b s e r v a t i o n s ,  t h e  s c h e d u l i n g  of 
s e s s i o n s  w a s  governed by DSS a v a i l a b i l i t y .  However, d u r i n g  t h e  p e r i o d  
from I)UY 136  t h r o u g h  DOY 200, a s i d e r e a l  s c h e d u l e  was employed, which 
p e r m i t t e d  t h e  same s o u r c e s  t o  be  observed e a c h  week f o r  1 0  c o n s e c u t i v e  
weeks. The s i d e r e a l  s c h e d u l e  c o n s i s t e d  o f  a set of 12  s o u r c e s  observed 
i n  t h e  same sequence each  rime. The o b s e r v i n g  t i m e  s h i f t e d  a t  t h e  
s i d e r e a l  r a t e  of approx imate ly  4  m i n u t e s  p e r  day so t h e  same s o u r c e s  
cou ld  be  used f o r  each  s e s s i o n .  T h i s  s c h e d u l e  was v e r y  u s e f u l  f o r  d i s -  
t i n q u i s h i n g  between random and s y s t e m a t i c  e r r o r s .  

I n i t i a l l y ,  t h e  d a t a  were a c q u i r e d  i n  4  S-band and 4 X-band c h a n n e l s  
f o r  bandwidth s y n t h e s i s  w i t h  a maximum spanned bandwidth of 30 MHz i n  
e a c h  band. To improve t h e  s i g n a l  t o  no'ise r a t i o s ,  t h e  c o n f i g u r a t i o n  
was changed t o  3 c h a n n e l s  p e r  band w i t h  a  maximum span o f  40 MHz on 
1981  DOY 107. 



Data were recorded  a t  e a c h  s t a t i o n  on d i g i t a l  t a p e  a t  t h e  r a t e  of 
500 ~ b / s .  The t o t a l  on-source  time p e r  b a s e l i n e  was nomina l ly  2000 
seconds ,  cor responding  t o  10' b i t s .  These d a t a  r e q u i r e d  about  5 h o u r s  
f o r  t r a n s m i s s i o n  t o  JPL v i a  t h e  5 6  ~ h / s  wide band d a t a  l i n e s .  
Beginning on 1981  DOY 86 ,  t h e  d a t a  were logged d i r e c t l y  o n t o  t h e  d i s c  
s t o r a g e  u n i t s  of t h e  VLBI p r o c e s s o r .  P r i o r  t o  DOY 8 6 ,  t h e  d a t a  were 
f i r s t  r ecorded  on magnet ic  t a p e  when r e c e i v e d  a t  J P L  and t h e n  r e a d  
i n t o  t h e  VLUI  p r o c e s s o r .  With t h e  advent  of d i r e c t  d i s c  p laybacks ,  
t h e  t a p e  r e c o r d i n g s  werc used as a  backup capal l r i l i ty  i n  t h e  even t  of a  
system mal func t ion .  

Data Reduct ion  

The f i r s t  s t e p  i n  t h e  r e d u c t i o n  of t h e  d a t a  was t h e  c r o s s - c o r r e l a t i o n  
o f  t he  two s t r e a m s  of d a t a .  The Block I c o r r e l e t o r  p e r f n n s  1 6  
s imul taneous  c r o s s - c o r r e l a t i o n s  over  a b i t s t r c a m  a1 ignment (BSA) d e l a y  
range  of 32 microseconds.  S ince  t h e  p r i n c i p a l  component o f  BSA d e l a y  
i s  t h e  epoch o f f s e t  between t h e  s t a t i o n  c l o c k s ,  t h i s  o f f s e t  must be 
known a c c u r a t e l y  enough t o  p l a c e  t h e  c o r r e l a t i o n  Eunct ion i n  t h e  32 
microsecond window. T i  t h e  o f f s e t  was n o t  known, t h c  c o r r e l a t o r  
o p e r a t o r  would s e a r c h  f o r  t h e  c o r r e l a t i o n  f u n c t i o n  i n  s t e p s  of 32 
tn icroseconds.  Once found,  t h e  c o r r e l a t i o n  func t To11 was c e n t e r e d  by 
a d j u s t i n g  t h e  epocl-1 o f f s e t ,  and a d a t a  f i l e  c o n t a i n i n g  t h e  c r o s s -  
c o r r e l a t i o n  f u n c t i o n  and i n s t r u m e n t a l  phasc  cal  i l l r a t  i o n s  was  produced. 

The n e x t  step Tn t h e  p r o c e s s i n g ,  phase t r a c k i n g ,  e s t i m a t e d  t h e  
c o r r e l a t i o n  f u n c t i o n  p a r a m e t e r s  f o r  each r a d i o  source .  The c o r r e l a t i o n  
f u n c t i o n  f o r  each  d a t a  rhanne l  i s  romplete l  y  d c s c r i b c d  by f o u r  
p a r a m e t e r s :  ampl i tude ,  p h a s e ,  phase  r a t e ,  and RSA d e l a y .  These were 
determined hy a l e a s t  s q u a r e s  fit t o  t h e  c o r r e l a ~ o r  o u t p u t .  Randwidth 
s y n t h e s i s  (RhrS) d e l a y s  w e r c  c a l c u l a t e d  from t h e  p h a s c  d i f f e r e n c c s  
lletwecn t h e  d a t a  r h n n n c l s  i n  each hand .  Thc Y S A  d c l a y s ,  RTJS d c l a y s ,  
and s i n g l e  c h a n n e l  phase ra te?  were t h e  V T , H Z  n h c ; c r v ~ l ~ l e q  from which 
t h e  c l o c k  and UTPM paramete rs  were estimated. 

In the f i n a l  s t e p  of p r o c e s s i n g ,  t h e  c l o c k  and UTPM paramete rs  were 
e s t i m a t e d  from the  VLBT o b s e r v a b l e s .  I t  i s  impor tan t  t o  n o t e  t h a t  
i n s t r u m e n t a l  phase  c a l i b r a t i o n  i s  r e q u i r e d  f o r  the  a7,solutc measrrre- 
ment of epoch o f f s e t .  I n  t h e  absence  of phasc  c a l i b r a t i o n ,  t h e  d e l a y  
o b s e r v a b l e s  a r e  c o r r u p t e d  by i n s t r u m e n t a l  d e l a y s .  However, t h e  BSA 
d c l a y s  tnay be used  t o  measure r e l a t i v e  epoch o f f s c t s  c o n t a i n i n g  an  
u n h o w n  b i a s  due t o  t h e  i n s t r u m e n t a l  d e l a y s ,  providcd 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  a r e  c o n s t a n t  i n  t i m e .  Th is  approach was used t-o 
o b t a i n  t h e  eq2orli o f f s e t  d a t a  p r e s e n t e d  i n  t h i s  r e p o r t ,  .4ltliougli t h e  BlJS 
d e l a y s  a r e  i n h e r e n t l y  much more p r e c i s e  t h a n  t h e  BSA d e l a y s ,  t h e y  a r e  
u s e l e s s  f o r  epoch o f f s e t  measurements witl lout phase c a l i b r a t i o r l  
because  of t h e  d i f f i c u l t y  i n  r e s o l v i n g  BWS c y c l e  ambigu i t  ies . However, 
u n c a l i b r a t e d  BWS d e l a y s  can be used f o r  UTPM c s t i m a t e s .  In t h i s  



c o n t e x t ,  t h e  r e s u l t i n g  epoch o f f s e t s  a r e  mean ing less ,  bu t  t h e  c o r r e -  
sponding sigmas a r e  r e p r e s e n t a t i v e  of t h e  v a l u e s  t h a t  would be  o b t a i n e d  
i f  t h e  BWS d e l a y s  were p r o p e r l y  c a l i b r a t e d .  Frequency s t a n d a r d  r a t e  
o f f s e t s  were e s t i m a t e d  from the X-band phase  r a t e  o b s e r v a b l e s .  

Clock Synchron iza t ion  R e s u l t s  

O f  t h e  55 o b s e r v i n g  s e s s i o n s  conducted from 1980 Decemter t o  1981  
August,  36 produced u s e f u l  d a t a  f o r  c l o c k  s y n c h r o n i z a t i o n .  These 
r e s u l t s  a r e  shown i n  F i g u r e s  2-5. Epoch o f f s e t s  from Voyager 2  VLBI  
n a v i g a t i o n  d a t a  a l s o  p l o t t e d  on t h e s e  f i g u r e s  and a r e  i n  good 
agreement w i t h  t h e  c l o c k  s y n c h r o n i z a t i o n  d a t a .  The epoch o f f s e t  
u n c e r t a i n t i e s  ranged from 35 t o  about  200 n s  and t h e  rate o f f s e t  
u n c e r t a i n t i e s  v a r i e d  from 0.13 t o  1.52 PSIS. These d a t a  w e r e  processed 
wi thou t  phase c a l i b r a t i o n  f o r  i n s t r u m e n t a l  d e l a y s .  T h e r e f o r e ,  a n  
unknown b i a s  i s  p r e s e n t  i n  t h e  r e p o r t e d  epoch o f f s e t  v a l u e s .  
Comparisons w i t h  t h e  o f f s e t s  measured by a t r a v e l l i n g  c l o c k  i n d i c a t e  
t h a t  t h e  b i a s  was s m a l l e r  t h a n  one  microsecond on b o t h  b a s e l i n e s .  The 
VLBI d a t a  gave independent  c o n f i r m a t i o n  of two known c l o c k  anomal ies .  
The s t e e p  s l o p e  (1)  i n  F i g u r e  2 a t  t h e  end of 1980 was due t o  t h e  u s e  
o f  a Cesium s t a n d a r d  a t  Madrid (DSS 63). The anomalous p o i n t s  denoted 
by hol low symbols (2)  on F i g u r e s  2  and 3 were caused by a 1 micro- 
second r e t a r d a t i o n  o f  t h e  Goldstone (DSS 14)  epoch as  measured by t h e  
Frequency and Timing Systems s t a n d a r d s  l a b o r a t o r y .  The c a u s e  o f  t h e  
e r r a t i c  behav ior  ( 3 )  i n  F i g u r e  2 i s  n o t  y e t  known. 

The l o n g  t e rm c l o c k  r a t e  c a l c u l a t e d  from t h e  s l o p e  of t h e  epoch d a t a  
was found t o  be  - 0 5  + .02 p s / s  on t h e  C a l i f o r n i a - S p a i n  b a s e l i n e ,  
e x c l u d i n g  1980 d a t a  and 1981 d a t a  a f t e r  DOY 165. A l l  p o i n c s  were 
e q u a l l y  weighted i n  t h e  l i n e a r  r e g r e s s i o n  because  i.t was f e l t  t h a t  
some of t h e  r e p o r t e d  u n c e r t a i n t i e s  w e r e  exaggera ted  by s y s t e m a t i c  
e r r o r s  due t o  i n c o n s i s t e n c i e s  between t h e  s o u r c e  c a t a l o g  p o s i t i o n s  
and t h e  p r e c e s s i o n  modrl  i n  the r a p i d  a n a l y s i s  so f tware .  The rCMS of 
t h e  r e s i d u a l s  was 92 nanoseconds.  On t h e  C a l i f o r n i a - A u s t r a l i a  base- 
l i n e ,  t h e  l o n g  t e r m  r a t e  o f f s e t  was 0.51 + . O 1  p s / s .  The RMS of t h e  
r e s i d u a l s  was 89 nanoseconds.  Thcse v a l u e s  agreed  w i t h  d e t e r m i n a t i o n s  
made by LORAN on t h e  Ca l i fo rna-Spa in  b a s e l i n e  and by t r a v e l l i n g  c l o c k s  
combined w i t h  t e l e v i s i o n  t i m e  t r a n s f e r  on t h e  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 .  On b o t h  b a s e l i n e s  t h e  VLBI measurements were about  1 0  times 
more a c c u r a t e .  The X-band r a t e  d a t a  f o r  t h e  Ca l i fo rn ia -Spa in  b a s e l i n e  
shown i n  F i g u r e  4  had a mean of -0.14 5 0.20 p s / s  w i t h  a n  RMS of  0.84 
p s / s .  While t h e  mean was c o n s i s t e n t  w i t h  t h e  l o n g  term r a t e ,  t h e  
compara t ive ly  l a r g e  RMS of the  r e s i d u a l s  is  b e l i e v e d  t o  be caused by 
media e f f e c t s  and t h e  p r e v i o u s l y  mentioned problem concern ing  t h e  
p r e c e s s i o n  model. The rate d a t a  f o r  t h e  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  
i n  F i g u r e  5 e x h i b i t e d  s i m i l a r  behav ior .  The mean was 0 .41 - -t 0.19 ps/s 
w i t h  an  RMS o f  0.79 p s / s .  



The s o u r c e s  of e r r o r  i n  t h e  epoch measurements a r c  shown i n  F i g u r e  6 f o r  
t h e  c a s e s  of u n c a l i h r a t e d  S-band 13SA d e l a y s  and c a l i b r a t e d  X-band BWS 
d e l a y s .  For BSA d e l a y s ,  t h e  l a r g e s t  e r r o r  i s  system n o i s e ,  a  d i r e c t  
r esu l t :  o f  t h e  narrow 250  KHz channel  bandwidths.  The ins t rument  phase  
and S band i o n o s p h e r i c  e f f e c t s  a l s o  contribute s i g n i f i c a n t l y  t o  t h e  
t o t a l  e r r o r  of 7 6  n s ,  which a g r e e s  f a i r l y  w e l l  w i t h  RMS v a l u e s  o b t a i n e d  
i n  f i t t i n g  t h e  epoch d a t a  t o  a  l i n e a r  model. The s l i g h t l y  l a r g e r  
r e s i d u a l s  i n  t h e  d a t a  can be  exp la ined  hy n o t i n g  t h a t  t h e  a c t u a l  number 
of  s o u r c e s  p e r  s e s s i o n  was somewhat s m a l l e r  t h a n  expec ted .  

With phase  c a l i b r a t i o n ,  a t  X-band, the BWS d e l s y s  p r o v i d e  an  o r d e r  of 
magnitude improvement i n  accuracy .  I n  t h i s  c a s e  t h e  dominant s o u r c e s  of 
e r r o r  a r e  t h e  s o u r c e  p o s i t i o n ,  t r o p o s p h e r e  and geopl-iysicnl models,  
f o r  a t o t a l  e r r o r  of 8.0 nanoseconds.  A n a l y s i s  of a c t u a l  RWS d a t a  
i n d i c a t e s  t h a t  t h i s  l e v e l  of accuracy  is r e a l i s t i c .  Using t h e  mas te r  
f i t t i n g  s o f t w a r e  a t  JPT, t o  s o l v e  f o r  c l o c k  and UTPM p a r a m e t e r s ,  t h c  
epoch u n c e r t a i n t i e s  were t y p i c a l l y  5 nanoseconds and t h e  r a t e  
u n c e r t a i n t i e s  were abou t  0 .2  ps /s .  These u n c e r t a i n t i e s  should  be 
s l i g h t l y  decreased  by t h e  i n t r o d u c t i o n  of phase  c a l i b r a t i o n .  

Summary 

The Block T V L B I  system has  provided r e l a t i v e  epoch o f f s e t  measurements 
d e r i v e d  from BSA d e l a y s  w i t h  a  p r e c i s i o n  of ' t l e t t c r  than 1 OOns, t y p i c a l l y  
w i t h i n  24  hours  of d a t a  rccept ioxi .  The long term r a t e  o f f s e t s  d e t e r -  
mined from t h e s e  epochs have u n c c r t a i n t j e s  of about .01 p s / s .  These 
r a t e s  a g r e e  w i t h  L O M N  d e t e r m i n a t i o n s  and a r e  a1)out 10 t i m e s  more 
a c c u r a t e .  The VJ,BI d a t a  h a s  independen t ly  confirmed known c l o c k  
anomal ies .  The p r e c e s s i o n  model i n  t h e  r a p i d  a n a l y s i s  s o f t w a r c  should 
be  updated t o  match t h e  s o u r c e  c a t a l o g  t o  o b t a i n  t h e  f u l l .  p r e c i s i o n  of 
t h e  r a t e  o f f s e t  measurements,  which would be about  0 .2  ps/s.  The 
implementat ion of t h e  phase  c a l i b r a t i o n  systcm w i l l  a l l o w  t h e  BWS 
d e l a y s  t o  be used f o r  a b s o l u t e  epoch o f f s e t  measurements w i t h  a n  
accuracy of b e t t e r  t h a n  1 0  nanoseconds.  

Sam Ward provided i n v a l u a b l e  a s s i s t ance  w i t h  t h e  a n a l y s i s  and i n t e r -  
p r e t a t i o n  of t h e  c l o c k  s y n c h r o n i z a t i o n  d a t a .  John LuVal le ,  Phi lRarmon,  
Tom Runge, and Marsha l l  Eubanks a s s i s t e d  w i t h  t h e  c o r r e l a t i o n  and 
r e d u c t i o n  of t h e  V L B I  d a t a .  
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QUESTIONS AND ANSWERS 

DR. BILL KLEPCZYNSKI , U.S. Naval Observatory  

You i n d i c a t e d  t h a t  you were us i ng  cesium f o r  a  V L B I  exper iment.  
Could I ask a t  what f requenc ies ,  was t h a t  an S-band, and a t  what 
sources were you l ook i ng ,  cou ld  you g e t  coherence over  a  l o n g  
enough p e r i o d  o f  t ime  t o  r e a l l y  use t h e  cesium? 

MR. ROTH: 

Wel l ,  t h a t  cesium was an emergency s i t u a t i o n  when t h e  hydrogen 
maser was o u t  o f  se r v i ce .  And t h i s  was w i t h  S-band da ta  t h a t  I 
was p resen t ing ,  and i t  seemed t o  work a s  w e l l  a t  X-band, b u t  t h a t  
m igh t  be a b e t t e r  ques t i on  t o  address t o  Sam Ward. 

MR. WARD : 

Could I answer t h a t ,  p lease? 

MR. ROTH: 

Sure, okay. 

MR. WARD : 

As a  p a r t  o f  t h e  procedure when a maser i s  be ing se rv i ced  o r  r e -  
pa i r ed .  P r i o r  t o  t a k i n g  i t  down, we s e t  t h e  cesium as c l o s e  a s  
p o s s i b l e  t o  t h e  maser o f f s e t  and we use our  bes t  cesium when we 
do t h i s ,  and so f a r  no user  has been a b l e  t o  d e t e c t  t h e  d i f f e r -  
ence. 

QUESTION FROM THE AUDIENCE: 

Wel l ,  how l o n g  a  t i m e  do you i n t e g r a t e  f o r  your  obse rva t i on  t ime,  
10 m inu tes  o r  s h o r t e r ?  

MR. ROTH: 

There a r e  10  observa t ions ,  each o f  200 seconds. 

QUESTION FROM THE AUDIENCE: 

Okay. 200 seconds. 



MR. ALLAN: 

I might comment in regard to the long term comparisons again. The 
same problem that we saw in the NRL data, that when you do an RMS 
of the time residuals around the linear of these squares, that 
really isn't a very good measure. It doesn't tell you much. It 
is dependent upon the data length, and it doesn't tell you real 1-y 
much about the propagation or the instrumentation. It's usually 
a function of the clock and how long you measure it. It really 
isn't a very good measure. 

So, what I am saying is: I would discourgae the use of that. 
I think there are better ways to characterize long term performance 
sometimes called the Allan variance. 

MR. ROTH: 

It will be there in our next report. 




