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I would l ike  t o  makc some comments and would speak  t o  the  l a s t  three  

presenta t ions  which have  been made. 1 think rlze range i s  very widc--perhaps 

between something similar  to  the u!tirr,ate coi lcept ,  which would g ive  prac t i -  

c a l l y  everything which you could poss ib ly  ext rac t  with modern -technology 

(621 B), t o  a sys tem which i s  operat ional;  and tha t  of course  i s  TRANSIT. 

Here I feel i t  i s  n e c e s s a r y  to emphasize  the  points  which a r e  important for  

our conference  - Unfortunately,  here in t h i s  country ,  the u s e  of t h i s  exis t ing  

operat ional  sys tem h a s  been  minimal for time t ransfer .  However,  the  French 

a re  using i t .  They u s e  the  TRANSIT sys tem to  synchronize their s t a t ions  

which a r e  in support of the  French sa te l l i t e  ranging resea rch  effort ,  and they 

report a prec is ion  obtained t o  ahoul: 1 0  p s e c s .  It i s  done  very simply by 

using the  2-minute time t ick  which i s  emitted by the  'L'RANSIT s a t e l l i t e .  

A s  you wi l l  probably r e c a l l ,  the s a t e l l i t e  emi ts  a cont inual  code stream 

which conta ins  the  orbi tal  information. Rut every 2 minutes o n  t h e  even minute,  

i t  cmi ts  a timc t ick which c a n  he recognized as the  appearance  of a 400-cycle 

switching t o n e .  13y measuring the  timc of arr ival  of tha t  t ime t ick every 2 

minutes ,  you may g e t  f i v e ,  s i x ,  and sometirries s e v e n  of tlzese points  i11 any 

one  p a s s ,  you c a n  plot  a "bes t  l i t "  parabola .  The point 01 t h e  c l o s e s t  approacli,  

of c o u r s e ,  is the  minimum point on the  parabola and your time of arr ival  of the  

time t i ck  i s  de layed by the  propagation delay  from the sa te l l i t e  ,to you.  Again, 

the  problem i s  how t o  determine tha t  propagation d e l a y .  'Thcrc a rc  two ways :  

(1) by using the  orbi tal  e l ements ,  which a re  published regularly in the  no t i ces  

to mariners i s sued  by the  U . S . Navy Oceanographic Office; i t  g i v e s  information 
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bet ter  than about 100  s e c s ;  and (2) by using the  sa te l l i t e  signal. d i rec t ly  r 
to  determine the  r ange .  This h a s  been  pointed out  by Mr. W.  Judge from 

Magnavox.  It simply c o n s i s t s  of using both t h c  doppler rate a t  tha t  point of 

approach and the  range .  Ins tead  of measuring doppler which would make it 

more compl ica tcd ,  simply look a t  the  curvature of the parabola which i s  

nothing more than the  ra te  of range change .  You can  cnvis ion  tha t  g iven a 

c i rcular  orki t  with known r a d i u s ,  t h i s  i s  a function of the  a c t u a l  d i s t a n c e  of 

the  point of c l o s c s t  approach.  The farther  away the  s a t e l l i t e  i s ,  t he  l e s s  

the  curvature of t h i s  point wi l l  b e .  

There i s  a simple mathematical re la t ionship  which h a s  been  worccd out .  

The point i s  tha t  here you have  a sys tcm which o f fc r s  timing down to (at thc  

present  t ime with our present  system) about  1 0 -  p s e c s  prec is ion ,  and to  my 

knowledge no one  in t h e  U . S .  i s  using i t .  'Twice dai ly the  satell . i te p a s s e s  

over  prac-tically every  point of the  su r face  of t h c  earth.  A s  I  understand from 

the  presenta t ion  of Mr.  Rueger, there a re  cer ta in  improvements which have  

been envis ioned tha t  wi l l  make tha t  time ciistribution even  more p rec i se  and 

wi l l  s igni f icant ly  reduce  the  present  da ta  no i se  of about  1 0  s e c s .  The re -  r 
ce ivc r  which we  have  at thc  Obscrva'tory i s  o i  the type which you s a w  in the  

photograph shown by Mr. Rueger, and it  by no means re i l ec t s  t h c  l a t e s t  s t a t e -  

of the  a r t .  I am sure  many more advanccd desigrls  a rc  p o s s i b l e .  

In r e s p e c t  t o  TIMATION, you c a n  s e e  we Arc on the  verge of us ing a n  

experimental  sa t e l l i t e  for a c t u a l  operdtiorlal t rdnsfer  of t ime.  One s ingle  

R&D type  sa te l l i t e  c a n  s a t i s f y ,  a s  we  be l i eve ,  ;-dl PTTI g lobal  requircmcnts 

anywhere with a prec is ion  which f a r  e x c e c d s  what  ic; rcquirct3 today. 'The 

problem i s ,  howevcr,  tha t  we  cannot  presently encourage developrrient of 

rece ivers  t o  r ecc ivc  thc  satcl.l.ite signal , because  it  i.s only an cxpcrimcntal  

program, and we a r e  not a s su red  tha t  there  wi l l  be any replacement compatible 

wi th  exis t ing  rece ive r s .  




