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ABSTRACT 

The i n t e r c o n t i n e n t a l  c l ock  synchron iza t ion  
capabi 1 i t i e s  o f  Very Long Base1 i ne I n t e r -  
ferometry  (VLBI ) and t he  Nav iga t ion  Techno1 ogy 
Sate! 1 i t e  (NTS) were compared i n  May 1978 by 
us ing both methods t o  synchronize t he  Cesium 
c locks  a t  t he  NASA Deep Space Net complexes 
a t  Madrid, Spain and Goldstone, C a l i f o r n i a .  
The VLBI experiments used t h e  Widehand VLBI 
Data A c q u i s i t i o n  System developed a t  t h e  NASA 
J e t  Propuls ion Laboratory .  The NTS S a t e l l i t e s  
which were designed and b u i l t  by t he  Naval 
Research Laboratory  were used w i t h  NTS Timing 
Receivers developed by t he  Goddard Space F l i g h t  
Center. The two methods agreed a t  about t h e  one- 
ha1 f microsecond 1 eve1 . The VLBI system a1 so 
obta ined long term s t a b i l i t y  i n f o rma t i on  on t h e  
HP5061A-004 Cesium standards by measuring AT/T 
over f o u r  3-4 day i n t e r v a l s  ob ta i n i ng  s t a b i l i t y  
est imates o f  (1  - + 1 ) x 10-13 f o r  t h e  combined 
t i m i n g  systems. 

*This paper presents t he  r e s u l t s  o f  one phase o f  research c a r r i e d  ou t  
( i n  p a r t )  a t  t h e  J e t  Propuls ion Laboratory,  C a l i f o r n i a  I n s t i t u t e  o f  
Technology, under Cont ract  No. NAS 7-100, sponsored by t h e  Nat iona l  
Aeronaut ics and Space Admin is t ra t ion .  



INTRODUCTION 

A se r i es  o f  experiments were conducted i n  May 1978 t o  compare 
the i n t e r c o n t i n e n t a l  c l ock  synchron iza t ion  c a p a b i l i t i e s  o f  t he  
Nav igat ion Technology Sate1 1 i t e  (NTS) t ime t r a n s f e r  system and a 
Very Long Base1 i n e  I n te r f e rome t r y  (VLSI) system which i s  i n  use 
i n  the  NASA Deep Space Net. The purpose o f  the  experiments was 
t o  p rov ide  independent v e r i f i c a t i o n  o f  the  accuracy o f  both 
systems. Th is  v e r i f i c a t i o n  was accomplished a t  t he  ons-ha l f  
microsecond 1 eve1 . 
The experiments were conducted between the  64m Deep Space 
S ta t i ons  a t  Goldstone, C a l i f o r n i a  (DSS 14) and Madrid, Spain 
(DSS 63) .  The VLBI experiments used t h e  Wideband D i g i t a l  VLBI 
Data A c q u i s i t i o n  System (WBDAS) developed a t  t he  NASA J e t  
Propuls ion Laboratory,  which has been i n  r o u t i n e  use i n  i t s  
present  con f i gu ra t i o r .  s ince  January 1978. The sate1 1 i t e  t ime 
t r a n s f e r  experiments used the  NTS-1 s ~ t e l l  i te ,  designed and 
b u i l t  by the  Naval Research Laboratory,  and t he  NTS Tinl ing 
Receivers developed by t he  Goddard Space F l i g h t  Center. The 
NTS rece ive rs  were brought t o  the  DSS's s p e c i a l l y  f o r  these 
experiments. Un fo r t una te l y  t he  NTS-2 s a t e l l i t e  was n o t  
a v a i l a b l e  f o r  t he  experiments, as use o f  t h i s  s a t e l l i t e  m igh t  
have improved t he  accuracy o f  t h e  in tercompar ison by an o rder  
o f  magni tude. 

Exper iaent  Con f igu ra t ion  

The c o n f i g u r a t i o n  o f  t he  VLBI data a c q u i s i t i o n  system and the  
NTS t ime t r a n s f e r  r ece i ve r  a t  each DSS i s  shown i n  F igure  1.  
O f  p a r t i c u l a r  i n t e r e s t  i s  the  c lock  system. The p r imary  
frequency standard a t  each s t a t i o n  was a HP5361A-004 Cesium 
osc i  1 l a t o r .  Various f requenc ies a re  de r i ved  f rom t h e  re fe rence  
i n  a Coherent Reference Generator, i n c l u d i n g  50 t-lHz which i s  
used i n  the  VLBI system, and var ious coherent t i m i n g  s i gna l s  a re  
made a v a i l a b l e  a t  the  ou tpu t  o f  t he  Time and Frequency Assembly. 
For t.he purpose o f  t h i s  experiment, the  s t a t i o n  re fe rence  c l ock  
i s  the  1 pps s i gna l  a t  t he  ou tpu t  of t he  TFA, s ince  bo th  t he  
VLBI and the  NTS systems connect t o  the  s t a t i o n  t i m i n g  system 
a t  t h i s  p o i n t .  I n  comparing the r e s u l t s  f o r  t h e  two systems we 
accounted f o r  t he  cab le  delays according t o  t he  s p e c i f i e d  o r  
measured phys ica l  lengths o f  the  cables,  and we measured t h e  
de lay  from the  1 pps i n p u t  t o  t he  1 pps ou tpu t  o f  t he  NTS 
rece ive rs ,  which i s  the  re ference f o r  these rece ive rs .  The 
de lay w i t h i n  t h e  WBDAS u n i t s  i s  l ess  than 20 ns and i s  n o t  
s i g n i f i c a n t .  



111. NTS Time Trans fe r  Resul ts 

Time t r a n s f e r  us ing  a  VTS s a t e l l i t e  i s  accomplished by us ing t hc  
s t ab le  o s c i l l a t o r  on board t h e  s a t e l l ;  t e  ds a  p o r t a b l e  c lock,  
and reading t h i s  c l ock  over  a  ~ i c r o w a v e  l i n k  as the  s a t e l l i t e  
passes near t h e  var ious ground s t a t i o n s .  The two major fundamen- 
t a l  sources o f  e r r o r  i n  t he  t ime t r a n s f e r  are the i n s t a b i l i t y  
o f  t he  o s c i l l a t o r  on the  s a t e l l i t e ,  and propogat ion delays i n  
the  ionosphere. Both of these e r r o r  sources a f f e c t  t he  t ime 
t r a n s f e r  measurement both d i r e c t l y ,  and i n d i r e c t l y  through 
e r r o r s  i n  the s a t e l l i t e  o r b i t .  Raymond, e t  a1 , [Ref.  1  ] 
descr ibe the  t im ing  r e c e i v e r  used here, and present  the  r e s u l t s  
of some t ime t r a n s f e r  experiments between Rosiiian, NC, and the  
Naval Research Laboratory,  us ing  t h e  NTS-1 s a t e l l  i t e  which Nas 
a1 so used here. These exper'ments demonstrated rnis e r r o r s  o f  
86 ns w i t h  respec t  t o  a  po r t ab le  c lock .  E r ro r s  over i n t e r con -  
t i n e n t a l  d is tances a re  somewhat more due t o  t ime  separat ion,  
o r b i t  e r r o r s ,  and l a r g e r  ionospher ic  e f f e c t s  , The ioncspher i c  
e f f ec t  and i t s  unce r t a i n t y  i s  o f t e n  on the o rde r  o f  1 P S  a t  the  
r a d i o  frequency of 335 MHz, bu t  t h i s  e r r o r  source tends t o  can- 
ce l  when t he  t ime and space separa t ion  a re  smal l .  

The NTS t ime t r a n s f e r  measurements I-eported on here were 
more o r  l e s s  ad junc t  t o  t he  s i x  na t i on  cooperat ive sxper iment 
descr ibed by Buisson, e t  a1 , [Ref. 21. The r e c e i v e r  used a t  the  
Madrid s t a t i o n  WQS t he  same as the one used a t  Bureau 
I n t e r n a t i o n a l  de I 'Heure,  France, and a  spare r ece i ve r  was used 
a t  Goldstone, C a l i f o r n i a .  As i n d i c a t e d  i n  F igure  1, t he  
rece ive rs  were i n s t a l l e d  i n  the  DSS c o n t r o l  rooms, w i t h  t he  NTS 
antennas on the  r o o f s .  The p o s i t i o n s  o f  t he  antennas were 
measured t o  w i t h i n  a  few f e e t  w i t h  respec t  t o  benchmarks a t  the  
s t a t i o n s ,  and e r r o r s  i n  the  antenna coord ina ies a re  n o t  expected 
t u  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  e r r o r s  i n  the  r e s u l t s .  The data 
were processed i n  t he  same manner as i n  t he  s i x  n a t i o n  exper i -  
ment, thereby es t ima t i ng  t he  ~ f f s e t s  i n  the  DSS c locks  w i t h  
respec t  t o  the  USNO mhster c l ock  C8D, a t  the  Naval Observatory. 

F igure  2 shows t he  r e s u l t s  o f  t h i r t e e n  measurements made a t  
Goldstone f rom day 145 (May 25) through day 151 (May 31) o f  1978. 
The r e s u l t s  a re  co r rec ted  f o r  a  de lay o f  0.232 ps f rom the  
Goldstone c l ock  reference p o i n t  t o  the  NTS rece i ve r  c lock .  A 
l e a s t  squares l i n e a r  f i t  t o  the  data r e s u l t s  i n  an o f f s e t  USNO 
minus Goldstone o f  -0.688 @ a t  0  hours on day 147, w i t h  a  r a t e  
o f f s e t  o f  -0.9 x  10-12 and an rms res i dua l  o f  0.341 us. 



Ten measurements were conducted a t  Piadrid d u r i n g  t h e  same t i m e  
frame, w i t h  t h e  r e s u l t s  shown i n  F i g u r e  3. These r e s u l t s  a r e  
c o r r e c t e d  f o r  a  d e l a y  o f  0.279 f i  f rom the DSS c l o c k  r e f e r s n c e  
p o i n t  t o  t h e  NTS r e c e i v e r  o u t p u t .  The l e a s t  squares f i t  i n d i c a t e s  
an o f f s e t  USNO minus Madr id  o f  8.593 p s  a t  0  h r s .  on day 147, 
w i t h  a  r a t e  o f f s e t  o f  -0.28 x  13-12 and rms r e s i d u a l s  o f  
0.225 IJS. 

I V .  VLBI System D e s c r i p t i o n  

S t a t i o r  c l o c k  o f f s e t  i s  one o f  t h e  many parameters which can be 
es t ima ted  by  Very Long B a s e l i n e  I n t e r f e r o m e t r y .  The random 
r a d i o  s i g n a l  f rom an e x t r a g a l d c t i c  r a d i o  s t a r  i s  observed a t  
two antenna s t a t i o n s .  Because t h e  z tennas a r e  w i t l e l y  sepdra ted 
and t h e  E a r t h  i s  r o t a t i n s ,  t h e r e  i s  d t ime  v a r y i n g  t i m e  d e l a y  
between t h e  a r r i v a l  o f  t h e  s i g n a l  a t  t h e  two s t a t i o n s .  T h i s  
t i m e  d e l a y  and i t s  d e r i v a t i v e  can be es t ima ted  from t h e  geometry, 
and can be measured by  c r o s s - c o r r e l a t i n g  t h e  s i g n a l s  r e c e i v e d  a t  
t h e  two s t a t i o n s .  Because t h e  a r r i v a l  o f  t h e  s i g n a l  i s  t ime-  
tagged by t h e  c l o c k s  a t  t h e  s t a t i o r ~ s ,  t h e  d i f f e r e n c e  between 
t h e  measured and t h e  p r e d i c t e d  t i m e  de lays  forms an e s t i m a t e  o f  
t h e  o f f s e t  between t h e  s t a t i o n  c l o c k s .  

The Wideband VLBI Data A c q u i s i t i o n  Yystem (WBDAS) has been 
desc r ibed  elsewhere (Ref .  3 ) ,  t o g e t h e r  ~i t h  r e s u l t s  o f  e x p e r i  - 
n!ents h e l d  i n  1976, so we p r e s e n t  o n l y  ic b r i e f  d e s c r i p t i o n  here.  
A s i m p l i f i e d  b l o c k  d iagram o f  t h e  WBDAS i s  g i ven  i n  F i g u r e  4. 
As shown i n  F i g u r e  1, t h e  system i n t e r f a c e s  t o  t h e  s tandard  D i N  
r e c e i v i n g  system a t  t h e  55 MHz 2 18 MHz o u t p u t  o f  t h e  B lock  I V  
r e c e i v e r .  The r e c e i v e r  o u t p u t  i s  d i g i t a l l y  demodulated t o  base- 
band by samplinrj  a t  50 MHz i n  each o f  two phase-quadrature 
3-b i  t 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 .  The A/D c o n v e r t e r  o u t p u t s  
a r e  then  low  pass f i l t e r e d ,  i f  des i red ,  by sumrrring N  consecu t i ve  
samples i n  a  d i g i t a l  in tegrate-and-dump f i l t e r .  These e x p e r i -  
ments used b o t h  u n f i l t e r e d  sampling, and f i l t e r i n g  w i t h  N = 3, 
f o r  a  f i l t e r  bandwidth o f  16 2/3 MHz, wh ich  was a  reasonab ly  
good match t o  t h e  r e c e i v e r  system bandwidths.  

The d i g i t a l  f i l t e r  ou tpu ts  a r e  quan t i zed  t o  1 - b i t  and s t o r e d  i n  a  
h i g h  speed b u f f e r  o f  4GS5 b i t s .  When t h e  b u f f e r  i s  f u l l ,  wh ich  
takes about  120 rls Fcr. N  = 3, sampl ing i s  i n h i b i t e d  and t h e  
b u f f e r  i s  empt ied ti i x ~ u g h  t h e  c o n t r o l  computer o n t o  d i g i t a l  
magnet ic  tape. The t o t a l  da ta  r a t e  o n t o  magnet ic  tape i s  
57 kb/s,  c o n s i s t i n g  o f  14 b u r s t s  o f  4096 b i t s .  The c o n t r o l  
computer u t i  1  i z e s  knowledge o f  t h e  r a d i o  source p o s i t i o n  t o  
p r e d i c t  t h e  geometr jc  s i g n a l  d e l a y  from t h e  source,  and c o n t r o l s  



t h e  hardware buf fer -  so t h a t  t h e  samz segments o f  t h e  s i g n a l  
wavef ron  t a r e  sampl ed and recorded a t  b o t h  s t a t i o n s  . 
The u t i l i z e d  r e c e i v e r  bandwidth o f  16 2/3 MHz i s  s u f f i c i e n t  t o  
ach ieve measurement r e s o l u t i o n s  o f  under 10 ns f o r  any r a d i o  
source wh ich  i s  s t r o n g  enough t o  be d e t r z t e d .  Reso lu t i on  o f  
about  1  ns i s  a c h i e v c i  w i t h  s t r o n g  sources, u s i n g  7 m inute  of 
da ta  ( 3  x  106 b i t s ) .  

The accuracy  OF l r le system i s  l i m i t e d  p r i m a r i l y  by p ropoga t ion  
u n c e r t a i n t y  i n  t h e  ionosphere,  wh ich  i s  o f t e n  20 ns a t  t h e  S-band 
receiving f requency o f  2290 MHz; by u n c e r t a i n t y  i n  t h e  E a r t h ' s  
o r i e n t a t i o n  (UT1 ) ,  wh ich  causes e r r o r s  c f  about  5 ns; by e r r o r s  
i n  t h e  p o s i t i o n s  o f  t h e  r a d i o  sources; and by r e c e i v i n g  system 
de lays .  We c u r r e n t l y  e s t i m a t e  t h e  t o t a l  day t o  day cons is tency  
i n  r e s u l t s  t o  be about  30 ns; and t h e  c o n s t a n t  b i a s  due t o  
h~rknown b u t  cons tan t  r e c e i v i r l g  system de lays  t o  be - . . , ~ t h e r  40 ns, 
f o r  an  es t ima ted  t o t a l  e r r o r  o f  50 ns. ( I t  i s  po:, I b l e  t h a t  t h e  
e r r o r  i n  t h e  r e c e i v i n g  system de lays  i s  g r e a t c r  than 40 ns, 
because t h e  de lays  hsve n o t  been me3sured, b u t  were es t ima ted  
f rom c a b l e  l e n g t h  s p e r i f i c a t i o n s ) .  

V .  VL.BI Resu l t s  and C ~ r n ~ t a r i s o n  t o  NTS r,esults 

Four VLBI c l o c k  sync exper iments were conducted on May 15, 20, 
24, and 27, 1978. The l a s t  'hree e;,:periments c o n s i s t e d  o f  from 
8 t o  13 t o t a l  obse rva t i ons  o f  7-11 r a d i o  sources ober t o t 3 1  tirne 
spans o f  1.5-3 hours.  On May 15, due t o  o p e r a t i o n a l  prqblems, 
o n l y  two sources were cbserved,  about  10 minqtc; a p a r t .  D e s p i t e  
t h e  d i sc i2pancy  i n  t h e  sr i t  s f  data,  t h e  expected c l o c k  sync 
e r r o r s  a r e  about  t h e  sar,2 on a l l  days, e:,:ept t h a t  t h e  expect04 
e r r o r  on May 15 i s  s l i g h t l y  l a r g e r .  As shaxn i n  F i g u r e  4, t r  

compcter assoc ia ted  w i t h  t h e  WBOAS i s  i n t e r f a c e d  t o  da ta  tr;ir,>- 
m i s s i o n  l i n e s .  We used t h i s  c a p a b i l i t y  t o  t r a n s m i t  some c f  t h e  
ua ta  f rom Madr id  t o  JPL, and we processed .:his da ta  between 
e x p e r i m e ~ t s  t o  p r o v i d e  c o r f i t - m a t i o n  t h a t  t h e  s t a t i o n s  wcre 
p r n p e r l y  con f igu red .  

F i g u r e  5 shows t h e  f i n a l  c l o c k  o f f s e t  es t i r r , , to ,  f o r  t h e  f o u r  days 
The r e s u l t s  a r e  compensated f o r  a l l  known c l o c k  and s i g n a l  de lays  
and a r e  expressed as Goldstone c l o c k  r n i n ~ s  Madr id  c l o c k .  A  
17tiear l e a s t  squares f i t  t o  t h e  da ta  y i e l d s  an es t ima ted  c l o c k  
o f i s a t  of 8.775 c lS  a t  0 h rs .  on day 147, w i t h  i~ r a t e  o f f s e t  
o f  0.33 x  10-12. The rms o f  t h e  r e s i d u a l s  i s  20.7 ns, and t h e  
sample s tandard  d e v i a t i o n  i s  29.3 ns, w i t h  t h e  dif fe,. : ice due 
t o  e s t i m a t i l g  two parameters w i t h  o n l y  f o u r  da ta  p o i n t s .  T t i i s  



i s  compat ib le  w i t h  o u r  a - p r i o r i  e s t i m a t e  of  %y-to-day 
cons is tency  o f  30 ns. 

A l s o  shown in F i ~ u r e  5 i s  t h e  NTS t i m e  t r a n s f e r  exper iment  
e s t i m a t e  o f  t h e  c l o c k  and c l o c k  r a t e  o f f s e t  between t h e  two 
s t a t i o n s .  Th is  es t ima te  i s  9 281 PS a t  0  h r s .  on day 147, 
w i t h  a  r a t e  o f f s e t  o f  6.62 x  10-12, wh ich  i s  j u s t  t h e  U5NO- 
Madr id  r e s u l t  o f  F i g u r e  3, minus t h e  USNO-Goldstone r e s u l t  o f  
F i g ~ r e  4. The d i f t e r e n c e  between t h e  VLBi and t h e  NTS es t ima tes  
i; 0.506 vs a t  C hrs .  c r  day 147, w i t h  a r a t e  o f f s e t  o f  
0.29 x  10-12. Day 147 was chosen as t h e  r e f e r e n c e  epoch because 
b o t h  exper iments were i n  progress  a t  t h a t  t ime.  

The d i i f e r e n c e  o f  9.5 bs between t h e  tb:3 exper iments i s  p robab ly  
rnz in ly  due s t h e  i onospher i c  e f f e c t s  on t h e  NTS measurem~nts ,  
bo th  d i r e c t l - I  and through e r r o r s  i n  o r b i t  de te rm ina t ion .  i k e r e  
may a l s o  be a  l a r g e r  cons tan t  e r r o r  i n  t h e  es t ima ted  s t a t i o n  
de lays  frr t h e  VLBI exper iment  than  t h e  a n t f c i p a t e d  '40 ns. The 
d i f f e r e n c e  betweer t h e  r a t e  e s t i m a t e  i s  w i t h i n  t h e  e r r o r  bounds 
o f  t h e  NTS exper iment.  

V I ,  O s c i l l ? t o r  S t a b i l i t y  EsLimate from t h e  VLBI Data 

Tile i n s t a o i l  i t i e s  v f  ::P5061A-004 Cesium o s c i l l a t c r s  a t  t h e  
two s t a t i o n s  can be bct.~rlued Sy u s i n g  t h e  VLBI r e s u l t s .  The f o u r  
e x p e r i r e n t s  form t h r e e  t i m e  i n t s r v a l s  o f  3 t o  4.5 days. 
J i f f e r e n c i n g  t h e  c?ock o f f s e t  es t 'aa tes  f o r  s ~ c c e s s i v e  exper iments  
leads t c  f requency o f f s e t  es t ima tes  o f  1.85 x  10-13, 
4.26 x  10-13, and 3.63 x  10-13. Successive a b s o l u t e  d i f f e r e n c e s  
between t h e  o f f s e t s ,  d i v i d e d  by  r o o t  2, y i e l d  A l l a n  va r iance  
J ' S  o f  1.70 x 13-13 and 0.44 x 10-13. The average o f  t Q e  two 
A l l a r ;  va r iance  p a i r s  y i e l d s  an averaege cr of 1.07 x 10-13 w i t h  a 
s a m l e  sZgm* o f  0.9 x  19-13. 

We have es t ima ted  t h e  combined i n s t a b i l i t y  of t h e  two Cesium 
o s c i l  l a t ~ r s ,  t h e  s t c t i o n  t i m e  d i s t r i b u t i o n  sys tevs ,  and t h e  VLBI 
measurements, ove r  3-4 day i l i t e r v a l s ,  t o  be approx ima te l y  one 
p a r t  i n  1013, w i t h  an u n c e r t a i n t y  o f  one p a r t  i n  1013. By 
i n c r e a s i n g  t h e  t i m e  i n t e r v a l  t o  about  10 days and b y  r e d u c i n g  
t h e  i onospher i c  e f f e c - t  OR t h e  VLBI measurements by use o f  X-band, 
I o n ?  t e r r  f requency s t a b i  1 i ty  measurements a t  t.he 1 0a14 l e v e l  
seem f e a ~ i b l e .  

V I I .  C ~ ~ t c l ~ s i o n  

By i n te r rompar i son  o f  r e s u l t s ,  we have demonstrated t h e  a b s o l u t e  
accuracy o f  t h e  NTS t ime  t r a n s f e r  system and t h e  WBDAS VLFI 



system t o  be 0.5 r ~ s  o r  b e t t e r  between Goldstone, C a l i f o r n i a ,  
and Madrid, Spain. For the VLBI system, we have produced c lock  
sync res i dua l s  which demonstrate day t o  day consistency a t  the  
20-30 ns l e v e l ,  and the  a b i l i t y  t o  use t h j s  system t o  measure 
lona  term frequency s t a b i l i t y  a t  t he  l e v e l .  Frequency 
s t a b i l i t y  me?.surements a t  t he  10-'4 l e v e l  a re  i n d i c a t e d  t o  be 
f e a s i b l e .  
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Quest ions and Answers 

DR. GERNOT M. R. WINKLER, U. S. l laval Observatory: 

I t h i n k  you are abso lu te l y  r i g h t .  That comparison t o  one p a r t  i n  
1013 looks as good as you can poss ib l y  expect i t  t o  cons ider ing  t h e  
v a r i a t i o n s  o f  these c locks j u s t  on themselves and a1 1 your  o ther  
c i r c u i t r y .  

But t he re  i s  one very s t up id  qces t ion  f o r  which I hope you w i l l  
f o r g i v e  me, on account o f  t h e  1 a te  s t a t e  o f  t h e  conference. I have 
heard 5 0  much about t he  absolu te  delay measurements from t h e  antenna 
t o  t h e  p o i n t  where you make t h e  t iming.  Why can ' t  one have, I 
wouldn ' t  say a po r t ab le  c lock  c a l i b r a t i o n  t o  t h e  antenna t i p ,  but  
why c a n ' t  one i n j e c t  a t  a re fe rence  p o i n t  i n  t h e  antenna a s igna l  on 
a f i x e d  and c a l i b r a t e d  length,  which i s  t ranspor ted  t o  t h a t  oo in t ,  
and then do t h e  same t h i n g  a t  your  c l o c k i n g  s t a t i o n ?  Coulc you g i ve  
me an answer t o  t h a t ,  p lease? 

DR. HURD: 

Well,  Tom Clark i s  one o f  t he  won-!J'S exper ts  on t h i s ,  bu t  from a 
JPL p o i n t  o f  view, yes--we are implementing such a system. We have 
experimental copies o f  t he  M I T  system, which we hope work, and they 
a re  supposed t o  be i n s t a l l e d  i n  t h e  s t a t i o t ~ s  i n  t h e  next s i x  months 
o r  so, I be1 ieve. So by t h i s  t ime rlext year ,  we should have t h a t  
c a l  i b r a t i o n .  

DR. CLARK: 

Yes. A t  l a s t  y e a r ' s  PTTI meeting, I gave a paper which d i d  use j u s t  
such a c a l i b r a t e d  system, which d i d  c a l i b r a t e  a l l  t h e  cab les through 
t he  system, and between Massachusetts and West V i r g i n i a .  We repor-  
t e d  on two ?.O-nanosecond c lock  synchroni zof.i on experiments i n con- 
j u n c t i o n  w i t h  t he  Naval Observatory. Sc yes; i t  can be done, and 
has. 

MR. LAUREN RUECER, Johns Hopkins U n i v e r s i t y ,  Appl ied Physics Lab: 

One o f  t h e  problems i n  do ing what D r .  Wink ler  has suggested i s ,  you 
must take  i n t o  account. che delays t h a t  t he  antenna i t s e l f  i n t r o -  
duces. I n  some o f  ohr ins t ruments  we have used, t h e r e  was as much 
as 70 nanoseconds antenna delay. 

DR. HURD: 

Y2s. There i s  an antenna m~; ; t ipath  problem invo lved  i n  here. One 
of t he  arguments f o r  va r i r : .  LBI systems i s  'hat t h e  e f f e c t  o f  mul- 
t i  path n i g h t  be d i f f e r e n t  d i f f e r e n t  systems. You have t o  i r ~ j e c t  
your  t e s t  s i  ,rial as f a r  forward i n  t h z  system as you can. 

One o f  the  niost u r s t a b l e  po r t i ons  o f  t he  r e c e i v i n g  system f o r  
VLBI i s  t h e  t r a v e l i n g  wave maser, t h e  f i r s t  a m p l i f i e r .  And we e s t i -  
mate t h a t  due t o  t he  way i t  i s  tuned t h a t  day, i t  may vary day-to- 



day on t h e  o rde r  c f  10 o r  20 nanoseconds, and we hope t o  be a b l e  t o  
c o n t r o l  t h i s .  P.nd i f  t h i s  i z  t h e  cause o f  e r r o r s  i n  o u r  measure- 
ments, t hen  we have more m o t i v a t i o n  t o  f o r c e  t h e  s t a t i o n s  t o  c o n t r o l  
t h i s  t u ~ i n g ,  o r  c a l i b r a t e  i t  w i t h  t h e  phase c a l i b r a t i o n  sytern. 

My systeln i s  r e a l l y  an a t tempt  t o  make some u s e f u l  measurements 
i n  t h e  DSN w i t h o u t  t h e  need f o r  t h e  phase c a l i b r a t o r - - u p  u n t i l  t h e  
t i m e  when t h e  phase c a l i b r a t o r s  a r e  a v a i l a b l e ,  and i n  case they  a r e  
no t  work ing  someday. 




