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ABSTRACT 

Two-way t i m e  t r a n s f e r s  v i a  t h e  Hermes (CTS) s a t e l l i t e  between 
NRC, Ottawa and NBS, Boulder  and between NRC and USNO, Wash- 
i n g t o n ,  D . C . ,  began once a week i n  J u l y  1978. A t  each s t a -  
t i o n  t h e  d i f f e r e n c e s  were measured between t h e  l o c a l  UTC 
seconds p u l s e  and t h e  remote UTC p u l s e  r ece i ved  by s a t e l -  
l i t e .  The d i f f e r e n c e  between t h e  read ings ,  i f  s t a t i o n  
de lays  a re  assumed t o  be symmetr ica l ,  i s  two t imes  t h e  
d i f f e r e n c e  between t h e  c l o c k s  a t  t h e  two ground s t a t i o n  
s i t e s .  Over a 20-minute p e r i o d ,  t h e  p r e c i s i o n  over  t h e  
s a t e l l i t e  i s  b e t t e r  t han  1 ns. The t ime  t r a n s f e r  f rom NRC 
t o  t h e  CRC s a t e l l i t e  t e r m i n a l  near  Ottawa and f rom NBS t o  
t h e  Denver HEW t e r m i n a l  a re  s t i l l  s u b j e c t  t o  l a r g e r  uncer-  
t a i n t i e s  which a re  b e i n g  examined. The abso lu te  measure o f  
UTC d i f f e r e n c e s  a l s o  depends on t h e  measurement o f  s t a t i o n  
de lays ,  which i n  p r e s e n t  c i rcumstances w i  11 be d i f f i c u l t  t o  
c a r r y  ou t .  

Two yea rs  ago, d i scuss ions  were s t a r t e d  on t h e  p o s s i b i l i t y  o f  
two-way t i m e  t r a n s f e r  between t h e  NRC and LPTF i r ;  France u s i n g  t h e  
Symphonie s a t e l l i t e .  A yea r  ago, t h e  p o s s i b i l i t y  o f  p a r t i c i p a t i n g  i n  
t h e  t h i r d  y e a r  o f  exper iments  on t h e  Canadian-USA Hermes s a t e l l i t e  
arose, and t h e  NRC a p p l i e d  t o  t h e  Canadian Committee f o r  an a l l o c a t i o n  
o f  1/2 hour  a week. Th i s  exper iment  r e c e i v e d  f i n a l  approva l  by  t h e  
M i n i s t e r  o f  t h e  Canadian Department o f  Communications i n  April 1978. 
The approved schedule ,  w i t h  NBS Boulder  as p a r t n e r ,  was f o r  16:OO-16:30 
ET on F r i d a y s  t o  September 31, and on Thursdays u n t i l  December 31. The 
usage o f  t h e  s a t e l l i t e  a l t e r n a t e s  d a i l y  between Canada and t h e  USA. 
E a r l y  i n  t h e  exper iment ,  t h e  USNO was i nc l uded ,  and i n  October an add i -  
t i o n a l  1/2 hour  i n  t h e  Canadian schedule was a1 l o c a t e d ,  12: 00-12: 30 ET 
on Tuesdays, f o r  t i m e  t r a n s f e r  between NRC/USNO. 



It i s  perhaps necessary t o  s t a t e  t h a t  t h e  ve r y  s h o r t  l e a d  t ime ,  
t h e  shor tage o f  manpower and equipment, and t h e  o p e r a t i o n  th rough  h o s t  
t e r m i n a l s ,  has f o r  a l l  t h r e e  l a b o r a t o r i e s  p l aced  c o n s t r a i n t s  on t he  
program. 

F i g u r e  1  i s  a schematic o f  t h e  m i n i  network.  I t  shows a) t h e  NRC/ 
NBS l i n k ,  and b )  t h e  NRC/USNO l i n k .  It was i n t ended  a t  one t i m e  t o  
opera te  a  USNO/NBS l i n k ,  b u t  t h i s  p r o j e c t  was abandoned f o r  t e c h n i c a l  
reasons which w i  11 be e v i d e n t  1  a t e r .  

The Hermes s a t e l l i t e  opera tes  i n  t h e  12-14 GHz bands, and has two 
t r a n s m i t t e r s ,  one 200 W and one 20 W. Each channel has a  s t e e r a b l e  2' 
beam which can be b o r e s i g h t e d  on a p a r t i c u l a r  s t a t i o n  as des i r ed .  The 
beams cannot  no rma l l y  be changed d u r i n g  an exper iment ,  p a r t i c u l a r l y  
s i n c e  t h e  f a i l i n g  t e l e m e t r y  on Hermes r e q u i r e s  a  l a r g e  NASA antenna f o r  
a c q u i s i t i o n  o f  t e l e m e t r y ,  and t e l e m e t r y  s t a t u s  o f  t h e  s a t e l l i t e  i s  
r a r e l y  ava i  1  a b l e  these  days. 

A l l  s a t e l l i t e  t e r m i n a l s  use a  s tandard  TV channel which r e q u i r e s  a 
1  v o l t  peak-to-peak v i deo  i n p u t .  The 1  pps and t h e  TV h o r i z o n t a l  sync 
pu l ses  s imu la te  t h e  TV v i deo  and m a i n t a i n  p rope r  v i deo  l e v e l s .  It i s  
r e a l i z e d  t h a t  u s i n g  a  1  pps i s  n o t  t h e  most e f f i c i e n t  way t o  use t h e  
6 MHz bandwidth ,  b u t  NRC was a l r eady  commit ted t o  u s i n g  t h i s  f o rma t  
w i t h  France. I t  i s  a l s o  an easy fo rmat  t o  p u t  i n t o  o p e r a t i o n  q u i c k l y  
s i n c e  a l l  have 1  pps c l o c k  pu l ses  a v a i l a b l e .  

Because t h e  NRC uses t h e  master t e r m i n a l  a t  t h e  Communications 
Research Center ( C R C )  w i t h  a  3 0 - f o o t  antenna, t h e  20 W beam i s  d i r e c t e d  
t o  Ottawa, and t h e  200 W t o  Denver o r  t o  Washington. 

I n  Denver, NBS has t h e  use o f  a  t e r m i n a l  owned and opera ted  by  t h e  
Department o f  Hea l t h ,  Educa t ion  and Wel fa re  (HEW). I t  has an 8 - f o o t  
antenna and 400 W t r a n s m i t t e r  power. T h i s  g i ves ,  a t  CRC i n  Ottawa, a  
r e c e i v e d  c a r r i e r  o f  40 db S/N w i t h  a 300 kHz bandwidth  i n  t h e  t e l e v i s i o n  
channel .  

I n  Washington t h e  s t o r y  i s  more compl icated.  I n  l a t e  J u l y ,  exper-i- 
ments s t a r t e d  w i t h  USNO u s i n g  a  NASA t e r m i n a l  a t  Goddard, b u t  u n f o r t u -  
n a t e l y  we had no success. I n i t i a l l y  t h e  b o r e s i g h t  was d i r e c t e d  n o t  t o  
Ottawa, b u t  ha l fway  between Ottawa and Goddard. The s i g n a l  t o  no i se ,  
down abou t  3 db, seemed adequate, b u t  a l a t e r  s l i d e  w i l l  show some o f  
t h e  d i f f i c u l t i e s .  T r i a l s  began aga in  some seven weeks l a t e r ,  a f t e r  
NASA had been o f f  t h e  a i r  t o  make changes a t  t h e  s i t e ,  b u t  t h e  e x p e r i -  
ments were n o t  success fu l .  The a d d i t i o n a l  t ime  a l l o c a t i o n  was used, 
b u t  NRC and USNO computer f a i l u r e  and i n t e r f a c e  problems compounded t o  
f r u s t r a t e  t h e  exper iment.  

A t  t h e  Hermes Users Meet i  ng i n  Wingspread, W i  scons i  n,  September 
19-21,  1978, M r .  K. K a i s e r  suggested t h a t  i t  m igh t  be p o s s i b l e  t o  p u t  a 
COFlSAT Hermes t e r m i n a l  a t  t h e  IISNG. S ince t h i s  had t h e  enormous 



advantage o f  a v o i d i n g  t h e  r e q u i r e m e n t  f o r  a t i m e  t r a n s f e r  f r o m  t h e  l a b -  

I 
o r a t o r y  t o  t h e  t e r m i n a l ,  and saves so much t i m e  i n  t r a v e l  and equipment 

I 
d isplacement, ,  t h i s  was f o l l o w e d  up w i t h  some en thus iasm b y  t h e  USNO, 
and t h e  COMSAT t e r m i n a l  was p l a c e d  at. t h e  USNO. Successfu l  t r a n s f e v s  

I f o r  t h e  p a s t  t h r e e  weeks have been ach ieved .  

The t i m e  t r a n s f e r  f r o m  NBS t o  t h e  HEW Denver' t e r m i n a l  has been 
done by  c a r r y i n g  two Cs s tandards  t o  t h e  t e r m i n a l  ( F i g .  2 ) .  u s i n g  one 
as t h e  s t a t i o n  c l o c k ,  and o b t a i n i n g  c l o s u r e  a f t e r  t h e  e x p e r i m e n t  a t  NBS 
( F i g .  3 ) .  T h i s  has g i v e n  1-2 ns  accu racy ,  and has shown t h a t  t h e r e  a r e  
l a r g e  and v a r i a b l e  e r r o r s  i n  t h e  new TV L ine -10  r e c e i v e r s .  

I n  Ot tawa,  t h e  NRC has been r e l y i n g  on t h e  T V  L ine -10  r e c e i v e r s .  
C R C  i s  a b o u t  32 k i l o m e t e r s  (20 m i l e s )  f r o m  N R C ,  arid b o t h  s i t e s  have a 
c l e a r  l i n e  o f  s i g h t  t o  t h e  T V  t r a n s m i t t e r .  The p a t h  d i f f e r e n c e  has 
been i n d e x e d  w i t h  p o r t a b l e  c l o c k s .  O f t e n ,  1 ns s t a n d a r d  d e v i a t i o n  f o r  
300 r e a d i n g s  i s  o b t a i n e d ,  b u t  v a r i a t i o n s  o v e r  200 ns have been seen. 
I t  i s  u s u a l l y  p o s s i b l e  t o  t e l  1 when t h e  r e a d i n g s  a r e  r e l i a b l e ,  b u t  
Lhe re  i s  no d o u b t  a t  t h e  moment t h a t  t h e  NRC/CKC l i n k  g i v e s  t h e  l a r g e s t  
sou rce  o f  e r r o r  i n  t h e  t r a n s f e r ,  and NRC w i l l  c o n v e r t  t o  t h e  NBS t y p e  
o f  o p e r a t i o n  as soon as p o s s i b l e .  

The p r i n c i p l e  o f  t h e  measurements i s  shown i n  F i g .  4. A t  each 
s t a t i o n ,  t h e  c o u n t e r  i s  s t a r t e d  w i t h  t h e  l o c a l  UTC p u l s e  and s topped  
w i t h  t h e  p u l s e  r e c e i v e d  f r o m  t h e  s a t e l l i t e .  The t r a n s i t  t i m e s  a r e  
a b o u t  0.255 s f o r  CRC/Denver, and 0.258 s  f o r  CRC/USNO. To o b t a i n  t h e  
d i f f e r e n c e  between t h e  two s t a t i o n  c l o c k s ,  t h e  r e a d i n g s  TI and T, f o r  
each second must  be s u b t r a c t e d  and d i v i d e d  by  two. I n  f a c t ,  i t  i s  
p r e f e r a b l e  t o  f i t  a  c u b i c  e q u a t i o n  t o  t h e  1000-odd measurements and 
t h e n  exchange and s u b t r a c t  t h e  e q u a t i o n s .  

The re  a r e  t h e  t w o  o t h e r  te rms i n  t h e  e q u a t i o n ,  h o p e f u l l y  s m a l l  and 
c o n s t a n t .  The te rms  t, and r ,  a r e  t h e  d e l a y s  i n  t h e  t r a n s m i t t e r  and 
r e c e i v e r  a t  s t a t i o n  1 ,  and t p  and r2 t h e  d e l a y s  a t  s t a t i o n  2. It i s  
f a i r l y  easy t o  measure t h e  sum o f  tl and r l ,  and t h i s  i s  done d a i l y  a t  
some s t a t i o n s  as a check on t h e  cons tancy .  'To measure one o r  b o t h  
i n d i v i d u a l l y  i s  d i f f i c u l t ,  and t h i s  w i l l  be d i s c u s s e d  l a t e r .  

F i g u r e  5 i s  a t y p i c a l  r e s u l t  f r o m  an e a r l y  r u n  i n  Ottawa. P a r t  o f  
t h e  p l o t  o f  t h e  data-equa, t io r l  i s  g i v e n  and a l s o  a h i s t o g r a m  o f  t h e  d i f -  
f e r e n c e  between t h e  d a t a  and t h e  e q u a t i o n .  I t  ,is n o t  a gauss ian ,  b u t  
by  s e l e c t i n g  t h e  g a t e  f o r  t h e  d a t a ,  i t  i s  p o s s i b l e  t o  c e n t e r  t h e  
a p p a r e n t  g a u s s i a n  a t  z e r o  o f f s e t .  

However, t h i s  same day NBS r e p o r t e d  a s t a n d a r d  d e v i a t i o n  o f  1 . 4  ns 
on a l l  p o i n t s ,  and NRC s h o u l d  have an advantage i n  s i g n a l  t o  n o i s e ,  
w i t h  a f a c t o r  o f  25 i n  antenna g a i n  t o  o f f s e t  t h e  f a c t o r  o f  0.10 i n  
power. A t  t h i s  p o i n t ,  s u s p i c i o n s  a rose  o f  t h e  o f f - b o r e s i g h t  o p e r a t i o n  
( w i t h  t h e  b o r e s i g h t  between Ot tawa and Goddard) even though t h e  s i g n a l  



was l e s s  than 3 db down. The bo res igh t  was re tu rned  t o  Ottawa. The 
r e s u l t  i s  shown i n  F ig.  6 w i t h  a  standard d e v i a t i o n  o f  1.4 ns f o r  1091 
p o i n t s .  Needless t o  say, t he  experiment has been run  s ince  t h a t  t ime 
o n l y  w i t h  t h e  antennas bores igh ted  on the  s t a t i o n s .  

The degradat ion o f  t he  pu lse  o f f  t he  bo res igh t  was puzz l i ng ,  and 
s a t e l l i t e  engineers found the  e f f e c t  d i f f i c u l t  t o  be l i eve .  However, i n  
F ig .  7, t he  wors t  example shows the  recep t i on  i n  Ottawa w i t h  the  antenna 
bo res igh t  on Washington, where most o f  t he  pulses appear t o  a r r i v e  
150 ns l a t e .  

Consequently, a  three-hour experiment was s e t  up i n  Ottawa f o r  a  
loop t e s t  through the  s a t e l l i t e ,  w i t h  var ious  o f f - b o r e s i g h t  s e t t i n g s  o f  
bo th  s a t e l l i t e  and ground antenna. No e f f e c t s  were seen except f o r  an 
increased standard d e v i a t i o n  as t h e  s igna l  t o  no ise  decreased, and no 
delayed p u l  ses d i  s t o r t e d  the  gaussian. 

There was on l y  one change made i n  the  CRC te rmina l  f a c i l  i t i e s  be- 
tween the  two experiments, and i t  was s i g n i f i c a n t .  The NRC equipment 
i s  housed i n  t h e  Symphonie te rm ina l  a t  CRC, and f o r  t he  Hermes exper i -  
ment, t he  pulses a re  sent  and rece ived over 2.4 km (1.5 m i )  o f  t r i a x  
cables t o  the  Hermes te rmina l .  Befare the  experiment s t a r t e d ,  t he  
cable te rminat ions  o r  equa l i ze rs  were very  c a r e f u l l y  ad jus ted  t o  repro-  
duce o r  recons t ruc t  t he  1  pps s igna l .  Unknown t o  NRC, a severe l i g h t -  
n ing  storm burned ou t  those equa l izers  which were, o f  course, replaced. 
The new equa l izers  overemphasize the  h igh  f requencies;  i n  f a c t ,  t he re  
i s  an overshoot and r i n g i n g  on bo th  the  r i s e  and f a l l  o f  t he  pulse.  
Because the  r e s u l t s  a re  b e t t e r ,  we have n o t  requested adjustment o f  t h e  
equa l izers .  

It s t i l l  appears t h a t  t he re  was a  ser ious degradat ion o f  t he  
pu lse ,  a  l o s s  o f  h i g h  f requencies when o f f - a x i s  which has now been 
over-compensated. But t h e  quest ion  must be s e t t l e d ,  and i t  i s  in tended 
t o  c a r r y  ou t  an experiment w i t h  the  f u l l  bandwidth o f  70 MHz o f  Hermes, 
w i t h  20 ns pulses and a h igh  r e p e t i t i o n  r a t e ,  t o  see i f  d i f f r a c t i o n  and 
r e f r a c t i o n  do cause pu l se  degradat ion o f f - a x i s  o f  t he  beam. I f  t h i s  
does occur,  and some say i t  must, i t  w i l l  p lace  a ser ious  l i m i t a t i o n  on 
the  b i t  r a t e  t h a t  can be t r a n s m i t t e d  o f f  t he  bo res igh t  o f  any beam. 

The r e s u l t s  o f  t he  t ime t r a n s f e r  between NRC and NBS are  g iven i n  
F ig .  8. I t  must be emphasized t h a t  no measurements and no co r rec t i ons  
have been made f o r  t e rm ina l  delays, and the re fo re  a l l  quoted values f o r  
t h e  d i f f e r e n c e s  i n  t h e  UTC( i )  obta ined by s a t e l l i t e  must be corrected 
by the  p o r t a b l e  c lock  r e s u l t s .  The standard d e v i a t i o n  o f  t he  po-ints 
from the  two s t r a i g h t  1  ines  i s  9 ns, a f i g u r e  t h a t  i s  i n c l i n e d  t o  i n -  
s p i r e  confidence. It was immediately assumed a t  NRC t h a t  t he  change o f  
1.5 x  10- l3  was the  r e s u l t  o f  eva lua t i on  o f  CsV on September 15--16, 
even though the  change i n  frequency was th ree  t imes t h e  expected e r r o r .  



However, t h e r e  i s  now ev idence t o  show t h a t  CsV d i d  n o t  change i n  
f requency  by  t h i s  amount. There i s  no ev idence o f  a change i n  t h e  r a t e  
i n  t h e  d i r e c t  U I C ( N R C )  - IJTC(USN0) t r a n s f e r  v i a  Loran-C. F u r t h e r ,  a 
change o f  1 . 5  x l o - * "  would have r e s u l t e d  i n  a 0 . 5  ps e r r o r  i n  t h e  USNO 
p o r t a b l e  c l o c k  va l ue  on Gctcber  31 : 1978. 

NBS evalua-ted t h e i r  NBS-6 p r i m a r y  cesium s tandard  around t h e  end 
o f  October 1978 and ob ta i ned  a norma l i zed  f requency d i f f e r e n c e  i n  
l I T C ( N B S )  - NBS-6  (sea l e v e l )  o f  0 . 6  x i 0 - I : < .  Over  t h i s  p e r i o d ,  f rom 
F i g .  8, t h e  norma l i zed  f requency d i f f e r e n c e  o f  t h e  two t i m e  sca les  
IJTC(NRC) - UTC(NBS) was i x 1 - 1 3 .  The fy-equellcy o f  UTC(NRC)  ' s  t h e  
f requency o f  CsV corr-eclted .to sea l e v e l ,  and t h e r e f o r e  t h e  norma l i zed  
f requency d i f f e r e n c e  i o r  t h e  pr-irnary s tandards CsV ( s e a  l e v e l  ) and 
NBS--6 (sea l e v e l )  was ! .  6 x I#- ' ' ' .  T h i s  i s  t h e  same o r d e r  as t h e  d i f -  
fe rence  observed ove r  t h e  p a s t  few yea rs ,  which i n d i c a t e s  t h a t  t h e r e  
was n u t  a l a r g e  change i n  t h e  CsV frequenc:y on September 15, 1978. 

Some u n c e r t a i r i t y  was i n t r o d u c e d  by t h e  changes a t  C R C  t h a t  were 
made necessary by t h e  I c g h t n ~ n g  damage d u r i n g  t n e  week o f  August 25 ,  
1978. t!nwever, t h e  i n t e r i ~ a l  cnnsi s tency  o f  t h e  s a t e l  1 ' t e  t ime  t r a n s f e r  
i s  such t h a t  i t  i s  conc luded t h a t  changes i n  one o r  p robab l y  b o t h  t ime  
sca les  produced t h e  obse rved  1 . 5  x 10-l\hange i n  t h e  norma l i zed  
f requency  d i f f e r e n c e .  

The NRC/USNO p r e l i m i n a r y  :-esul  t s  f o r  Novemi~er 14, 21, and 28, a re  
r e s p e c t i v e l y  4938, 5033, and 5053 ns. These g i v e  a f requency d i f f e r e n c e  
s i m i l a r  t o  t h e  NRC/NBS r e s u l t s  f o r  t h e  same p e r i o d .  

- 
ihe exper iment  has n c t  y e t  q u i t e  matched t h e  p r e c i s i a n  ach ieved by 

Chi (1975: and 5abur.i (1976)  i n  exper-i iner~t~ by NASA and t h e  Radio 
Research Labora to ry  o f  Japan,  b u t  t h e  main v i r t u e  o f  t h i s  exper iment  i s  
t h e  t r a n s f e r  over  a l o n g  p e r i o d  between ve ry  s t a b l e  t i m e  sca les .  i t  
has been e x c i t i n g  i n  t h e  p o t , e ~ t ; a l  t h a t  i t  shows,. and - i n s t r u c t i v e  i n  
t h e  vleaknesses t h a t  have become e v i d e n t  i n  t he  p resen t  setup.  i n  an 
o p e r a t i o n a l  mode, t he  f c i l o w i n g  t h r e e  s teps shou ld  y i e l d  1  ns p r e c i s i o n  
and an accuracy o f  a few nanoseconds: 

1. The acqu i s i t - i on  01' matched PREi code genera to rs  by 
a l l  p a r t i c i p a n t , s .  !he 1 pps system used i n  t h i s  exper iment  
i s  t o o  v u l n e r a b l e  t o  changes i r ;  t r ansm iss i on ,  t r i g g e r  l e v e l s ,  
e t c ,  and t h e  advantage o f  averag ing  over  many pu!ses i s  lost , .  

2. The a c q u i s i t i o n  cy a l l  par- t - ic 'pants  o f  " p r i v a t , ~ "  
t e r m i n a l s  t o  ope ra t?  a t  t h e  l a b o r a t o r - i e s .  I t  i s  e s s e n t i a l  t o  
e l i m i n a t e  t h e  e r r o r s  i n  ti-;e t r a n s f e r  o f  r i m e  f r o m  t h e  l abo ra -  
t o r y  t o  t h e  t,erminal. i t  i s  a1 s o  e s s e n t i a l  t o  measure and 
motli tor t h e  termi t la1 de lays ,  which i s  ve r y  d i f f i c u l t  t o  dc 
when t h e  "hos t "  t e r m i n a l  i s  b e i u g  used f o r  many @xper iments .  



3. A f u l l y  automatic computerized opera t ion  w i l l  be 
necessary t o  operate i n  s h o r t  b u r s t  du r ing  the  n i g h t  t o  take  
advantage o f  unused sate1 1  i t e  t ime. 

An experiment has been approved f o r  t h e  Anik B s a t e l l i t e  which i s  
expected t o  be launched i n  December 1978. This  i s  p r i m a r i l y  a  V L B I  ex- 
per iment  between t h e  NRC r a d i o  astronomy s t a t i o n s  i n  Pent ic ton,  B r i t i s h  
Columbia, Algonquin Park, Ontar io ,  and the  Naval Research Laboratory 
s t a t i o n  i n  Maryland. I t  i s  in tended t o  main ta in  coherence among the  
l o c a l  o s c i l l a t o r s  a t  these s t a t i o n s  by exchanging s ide  tones through 
the  Anik B sate1 1 i t e .  Professor  Yen o f  t he  U n i v e r s i t y  o f  Toronto i s  
p r e d i c t i n g  10 ps p r e c i s i o n  f o r  t h i s  experiment, and the  NRC Time Labora- 
t o r y  has been i n v i t e d  t o  j o i n  w i t h  a f o u r t h  s t a t i o n  i n  Ottawa as a t ime  
s t a t i o n  only .  I t  i s  hoped t h a t  t h i s  w i l l  be poss ib le  and t h a t  a  12 - 
14 G H z  t e rm ina l  can be acqu i red  f o r  t h i s  purpose as the  f i r s t  stage of 
t h e  th ree  requirements g iven e a r l  i e r .  

There are  n o t  many r e s u l t s  t o  r e p o r t  as y e t  from the  NRC/LPTF t ime 
t r a n s f e r  v i a  the  Symphonie s a t e l l i t e .  This  i s  t o  run  from J u l y  1,  1978 
t o  J u l y  1, 1979 on a d a i l y  bas is ,  except f o r  outages o f  about 6 weeks 
d u r i n g  e c l i p s e  per iods .  The data  are be ing  processed i n  France, except 
f o r  some 30 readings exchanged d a i l y  by the  vo ice  channel. They expect 
t o  improve t h e i r  data hand l ing  capac i t y  i n  t he  near f u tu re .  The te rmi -  
nal  used i n  Ottawa, operated by NRC, has a 30- foo t  antenna. The France 
te rm ina l  i s  t he  main c o n t r o l  center  a t  Pleumeur Bodou i n  B r i t t a n y .  
There i s  an u n c e r t a i n t y  o f  about 30 ns i n  t he  t ime t r a n s f e r  v i a  t h e  TV 
network t o  Par is .  The p r e l  im inary  f i gu res  g i v e  a normal ized frequency 
d i f f e r e n c e  between UTC(NRC) and UTC(0P) o f  1  x 10-I% 0 . 2  x  10-l3 f o r  
J u l y  and August 1978. 

I n  support o f  t he  t ime t r a n s f e r ,  several  po r tab le  c l o c k  t r i p s  have 
been made. I n  p a r t i c u l a r ,  i n  t he  l a s t  week o f  October, t he re  were suc- 
cess fu l  c l ock  t r i p s  t o  NRC from Observato i re de Par i s ,  USNO and NBS. 

We must acknowledge a g r e a t  deal o f  ass is tance i n  c a r r y i n g  ou t  
t h i s  experiment. The NRC has had the  use o f  t he  CRC te rmina l  and the  
f u l l e s t  support from the  Hermes group a t  CRC and o thers  o f  t he  Depart- 
ment o f  Communication, from the  experiment c o n t r o l l e r  John B r o o k f i e l d ,  
t he  engineers, programmers and s c i e n t i s t s .  The NBS i s  pleased t o  ac- 
knowledge the  weekly l oan  o f  the  Denver te rm ina l  o f  HEW, t he  assis tance 
o f  M r .  Ea r l  Henderson, Nat iona l  L i b r a r y  o f  Medicine i n  Bethesda, 
Maryland, and o f  M r .  Bern ie Lackey, who operates the  Denver te rmina l  so 
e f f i c i e n t l y .  The USNO has had the  cooperat ion o f  NASA Goddard, and now 
o f  K i m  Kaiser  and Wes Venstra o f  COMSAT w i t h  t h e i r  te rmina l  a t  t he  USNO. 
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FIG. la. TWO-WAY TIME TRANSFER PATHS FOR NRC!NBS AND NRCIUSNO 
US I NG THE HERMES (CTS) GEOSTATIONARY SATELLITE . 

FIG. lb. VIDEO FORMAT WITH 1 pps  TIME PULSES AND THE 
15,625 Hz TV HORIZONTAL SYNC PULSES. 
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FIG. 8. UTC(NRC) - UTC(NBS) IN M I C R O S E C O N D S .  THE C I R C L E S  WERE 
OBTAINED FROM T H E  SATELLITE T I M E  TRANSFER,  THE CROSSES 
FROM B I H  C I R C U L A R  D. THE DIFFERENCE IN SLOPE BETWEEN 
THE S O L I D  L I N E  AND DASHED L I N E  IS 1 x 1 0 - ' " .  
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Ouest ions and Answers 

MR. DAVID ALLAN, Na t i ona l  Bureau o f  Standards: 

I would l i k e  t o  make two comments: Number one, I ' d  l i k e  t o  g i v e  D r .  
Barnes c r e d i t  f o r  hav ing  p icked  ou t  t h a t  one nanosecond g r a n u l a r i t y .  

DR. COSTAIN: 

Belanger s a i d  it was. He c o u l d n ' t  conv ince me u n t i l  May. 

MR. ALLAN: 

Right .  The o t h e r  t h i n g  i s  t h a t  i t  i s  i n t e r e s t i n g  t o  no te  t h a t  us i ng  
t h e  equat ions t h a t  you wro te  down, i f  you compare y o u r  numbers, 
assuming you had accuracy, v i a  p o r t a b l e  c lock ,  t h e y  would d i f f e r  by 
about 60 nanoseconds due t o  t h e  r o t a t i o n  o f  t h e  ear th .  

DR. COSTAIN: 

I d i d  no t  ment ion t h a t .  C e r t a i n l y ,  if one moves t o  h i ghe r  accuracy, 
t h a t  goes w i t h  t h e  measuring o f  t h e  t e r m i n a l .  I t h i n k  you a l l  s a i d  
t h e  f i g u r e  of about e i g h t  nanoseconds t o  Washington and 160 t a  
France, o r  something. And if we a r e  a f t e r  accuracy, we would have 
t o  do t h a t .  

I hope i t  i s  cons tan t ,  a l though I remember i n  Sabur i  ' s  e x p e r i -  
ment, t h e  v a r i a t i o n  o f  t h e  s a t e l l i t e ,  i n  f a c t ,  w i t h  h i s  p r e c i s i o n ,  
was enough t o  see t h a t  i n  t h e  v a r i a t i o n  i n  path. The s a t e l l i t e  
moves i n  our  experiment. It i s  j u s t  go ing  t o  d r i f t  a l i t t l e  more 
e l  i p t i c a l  a l l  t h e  t ime.  We get  about up t o  50 nanoseconds pe r  
second movement now, I t h i n k .  




