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I t h i n k  the  d iscuss ion  w i l l  take place. I should l i k e  t o  i n v i t e  a  few 
people here t o  j o i n  me a t  the  tab le ,  c e r t a i n l y  Dr. Decker, the  p r o j e c t  
team leader o f  STIFT, and M r .  Starker ,  i f  he i s  w i l l i n g  t o  come up here. 
He has g iven us an e x c e l l e n t  d iscussion o f  the  German p r o j e c t s  and cou ld  
we ask somebody who's f a m i l i a r  w i t h  GPS t ime t r a n s f e r s  t o  vo lun teer?  

Nobody wants t o  vo lun teer?  Yes, please, would you j o i n  us. 1 
would a l s o  l i k e  t o  i n v i t e  Professor A l l e y  t o  come up and I t h i n k  t h a t  we 
would have a l i t t l e  group and discuss the var ious aspects and summarize 
and ask quest ions. I would l i k e  the  audience t o  be as a c t i v e  as poss ib le .  

L e t  me begin by g i v i n g  you bes t  regards from our  European col leagues 
D r .  Bernard Serene; I t a l k e d  w i t h  him yesterday morning t o  ge t  some new 
in fo rmat ion  on the  s ta tus  of the  LASSO p r o j e c t ,  and he reg re ts  t h a t  he 
was unable t o  come, obviously ,  bu t  on the  news we received i t  appears 
as Professor A1 l e y  has a l ready mentioned, t h a t  the LASSO i s  n o t  dead. 

I n  f ac t  i t ' s  a  very good chance t h a t  i t  migh t  be a se r i es  of two 
successors, which w i l l  e i t h e r  be on a SERIES-2  type s a t e l l i t e ,  two ex- 
periments o f  course, o r  where i t  w i l l  be on METEORSAT as a  piggyback 
e f f o r t .  And then as mentioned by Professor A l l e y  what we w i l l  expect, 
so t h a t  we w i l l  have t o  f i n d  o u t  what i s  going t o  happen. 

I n  l ook ing  over t he  papers which we have heard today and some o f  t he  
papers which a r e  s t i l l  t o  come, and we have again the  two c lasses o f  ex- 
periments o f  techniques: The one-way t ime t r a n s f e r s  us ing  a  nav iga t i on  
system such as GPS, o r  such as TRANSIT and two-way transmission, us ing  
a communication s a t e l l i t e  o r  us ing  the  ranging s igna ls  which a re  a v a i l a b l e  
on some o f  t he  o the r  s a t e l l i t e s ,  i n  the piggyback fashion.  

I was very  much i n t r i g u e d  by the  s l i d e  shown by M r .  S tarker  today, 
about unscheduled and completely passive o f  comparison between Washington 
and PTB i n  Germany us ing  complete ly  d i f f e r e n t  GPS rece i ve rs  and ach iev ing  
as we have heard a standard d e v i a t i o n  o f ,  something l i k e  20 nanoseconds 
over a  pe r iod  o f  10 days which inc ludes a l l  o f  the  v a r i a t i o n s  i n  t he  two 
clocks, i n  a l l  t he  c i r c u i t s  and everyth ing.  And i t  inc ludes the u n c e r t a i n t y  
o f  t he  GPS t ime t r a n s f e r .  

And j u s t  from tha t ,  b u t  a l so  when these experiences have been repor ted  
by David A l l a n  and the  NBS group and others.  I t  i s  obvious t h a t  today we 
have the  c a p a b i l i t y  t o  synchronize any two c locks t o  about 20 nanoseconds 
wherever they are. Using the  system which, i n  i t s  o r i g i n a l  purpose, was 
f a r  from being opera t iona l ,  b u t  f o r  a  t ime t r a n s f e r  i t  i s  more than oper- 
a t i o n a l  because we have f i v e  s a t e l l i t e s  which can be used and a re  being 
used. 



Now, may I ask a couple of leading quest ions? We have heard today 
about the  l a s e r  microwave t ime t rans fers  and these super p rec i s ion  ex- 
periments and I would 1 i k e  t o  ask maybe anyone t o  answer here, how they 
see the  fu ture ,  and what r o l e  the  l a s e r  i s  going t o  p lay  i n  l e t s  say 5 o r  
10 years from now, i s  i t  going t o  be a c a l i b r a t i o n  t o o l  o r  maybe i t  w i l l  
become an opera t iona l  t o o l  ? 

PROFESSOR ALLEY: 

The l a s e r  has the  immediate disadvantage o f  n o t  being able t o  go through 
clouds, a t  l e a s t  i n  the  powers a v a i l a b l e  t o  c i v i l i a n  users. But, I t h i n k  
as a c a l i b r a t i o n  technique i t  could p lay  a very important  p a r t  i n  the  
future.  

I would th ink ,  f o r  example, if we cou ld  c a l i b r a t e  us ing 1/10 nano- 
seconds l a s e r  pulses, the  GOES p o s i t i o n i n g  s a t e l l i t e s  are few, and the  
GOES p o s i t i o n i n g  s a t e l l i t e s  were as they were t i e d  d i r e c t l y  t o  a master 
c lock,  f o r  example, a t  t he  Naval Observatory then using the  conventional 
readouts, one could improve on the  g loba l  t ime t r a n s f e r  from the ten  nano- 
second l e v e l  down t o  the  p rec i s ion  o f  which the  GPS i s  capable which i s  
a t  t h e  one nanosecond, o r  perhaps even b e t t e r .  

DR. WINKLER: 

That i s  c e r t a i n l y  an i n t e r e s t i n g  comment, because we hear about develop- 
ments o f  c locks  which are  capable of keeping t ime down t o  the  10th  o f  a 
nanosecond and i t  i s  a quest ion what u t i l  i ty  they would have wi thout  a 
b e t t e r  readout capabi 1 i t y .  That quest ion has been r a i s e d  several times, 
and I t h i n k  i t  has n o t  been answered s a t i s f a c t o r i l y .  

I would l i k e  t o  ask D r .  Decker about h i s  est imate, I mean t h a t  may 
be an i n d i s c r e t e  question; bu t  i t  i s  a p lanning meeting and we ought t o  
discuss these th ings  as cand id ly  as possib le.  

What i s  your  present assessment o f  t h i s  STIFT experiment? 

DR. DECKER: I 
Well, a t  t he  present time, t h i s  i s  a study place, so i t ' s  n o t  an approved 
colloquium. And i t  i s  r a t h e r  d i f f i c u l t  t o  s t a r t  any new program today 
because a l l  agencies are  s u f f e r i n g  from budgetary problems. 

The system, as p resen t l y  s tud ied by NASA, would be o f  b e n e f i t  t o  
a l a r g e  outs ide  user group and i n  order  t o  g e t  something 1 i ke t h i s  
going, I t h i n k  one needs the  support o r  t he  expression o f  i n t e r e s t  
from outs lde  users t o  NASA t o  support t he  s t a r t  o f  such a program. 

So, a t  t h e  present t ime, we do n o t  have any committed s t a r t  or 
s t a r t  o f  t he  development o f  t h i s  STIFT system. 



DR. WINKLER: 

And so i t  i s  a concept, e s s e n t i a l l y ,  which i s  s t i l l  l ook ing  f o r  sponsors 
f o r  support? 

DR. DECKER: 

That 's  r i g h t .  

DR. WINKLER: 

And as I heard, M r .  Starker,  today, your experiment i s  apparent ly  going 
i n  f u l l  force,  i s  t h a t  t r u e ?  

MR. STARKER: 

Yes, you are  r i g h t .  It i s  i n  f u l l  f o rce  and i t  can be, and the re  i s  no 
doubt t h a t  i t  i s  a dec is ion  o f  g reat  determinat ion.  

And t o  your quest ion about l a s e r  o r  microwave l i n k s ,  I come from a 
microwave I n s t i t u t e ,  and I t h i n k  t h a t  microwave l i n k s  w i l l  be the  
opera t iona l  t o o l  f o r  t ime t r a n s f e r  and l a s e r  w i l l  be used as a c a l i b r a -  
t i o n  t o o l ,  perhaps. And f o r  us, n o t  t he  h ighest  experiencing i s  our aim 
i n  t h i s  f i r s t  experiment w i t h  dual l i n k s .  We f i n d  t h a t  t he  experimental 
technique t o  use a computer and a noise code as t ime s igna ls ,  i s  a very 
important  t h i n g  which can be used w i t h  communication s a t e l l i t e s  o r  w i t h  
low-orbi  t i n g  sa te l  1 i tes, as we1 1 . And t h i s  i s  our aim and we made some 
experiments t o  o f f e r  as p roo f  and we go t  a l so  prec is ions  o f  smal le r  than 
1 nanosecond. 

DR. WINKLER: 

Your presenta t ion  presented us w i t h  such a wealth o f  i n t e r e s t i n g  i n f o r -  
mation and i n t e r e s t i n g  d e t a i l s ,  I r e a l l y  t h i n k  you should l ook  very 
c a r e f u l l y  through your panel paper. 

But  i t  appears t o  me t h a t  i n  Europe t h e  schedules-- t h a t  i t  may be 
very wise f o r  ESA t o  e s t a b l i s h  much c lose r  r e l a t i o n s h i p s  w i t h  t h i s  
European group and f i n d  o u t  how we could poss ib l y  p a r t i c i p a t e  --- what 
p o s s i b i l i t i e s  s t i l l  e x i s t s ?  As we have heard, one o f  t he  main d r i v i n g  
ob jec t i ves  i n  the  German experiment i s  t o  ga in  experience i n  us ing 
c locks  i n  space. 

DR. DECKER: 

I have a quest ion. Do you have any plans i n  the  f u t u r e  f o r  t h i s  p a r t i c u -  
l a r  experiment? You s a i d  i t  was the  f i r s t  one? 



I have a suspicion t h a t  the technology of clocks are  ou t  running our 
means fo r  comparison a t  a  greater  r a t e  now than ever before. I wonder i f  
you care t o  discuss t h i s  po i n t  and the fac t  t h a t  a t  some po in t  i n  t ime some 
ac t i on  i s  l i k e l y  t o  be needed, what ac t ion  can be taken? 

DR. WINKLER: 

Any comments? 

MR. TALLEY: 

I have one comment w i t h  regard t o  GPS i n  t h i s  area. As f a r  as our observa- 
t i o n  i n  o r b i t  i s  concerned, from the GPS program po in t  o f  view, i t  i s  
through KALMAN f i l t e r  observations a t  the master cont ro l  s t a t i o n  and if we 
look a t  two o f  the c locks one o f  which has a temperature coef f ic ient  on the 
rubidium and one has a  suspicion o f  a  va r i a t i on  i n  beam cur rent  i n  the 
cesium, the KALMAN doesn't  show the d iurna l  e f f ec t .  Yet we are h i gh l y  sus- 
p ic ious t h a t  the c locks have these var ia t ions.  

I t h i n k  t h a t  the a b i l i t y  t o  look a t  the clocks on the ground has de- 
t e r i o ra ted  t o  some extent. 

We are  working t o  t r y  t o  separate that .  

DR. WINKLER: 

I happen t o  completely agree w i t h  him on h i s  comments, t h a t  t h i s  i s  t rue.  
That, i n  fac t ,  years from now, we're no t  going t o  have any means t o  u t i l i z e  
much b e t t e r  c locks which we can expect t o  have. I th ink  t h a t  there  are 
d e f i n i t e  gaps i n  our planning and development. We are  t a l k i n g  about many ex- 
periments bu t  now no t  one o f  them w i l l  be useful a t  the one nanosecond l e v e l  
w i t h  the possib le exception o f  the GPS system, but  t h i s  w i l l  r equ i re  some 
doing. 

Further discussion on the c locks? I 
I 

MR. WHITWORTH, JHUIAPL 
-. - .- - -- pp - - -. -- -- - 

DR. WINKLER: 

Can I repeat? One o f  the r e s u l t s  which you reported a t  the Frequency Con- 
t r o l  Symposium t h a t  over a per iod o f  2 o r  3 weeks the res idua ls  i n  common 
view mode between NBS and Washington using p rec ise ly  the  same sa te l l i t e s ,  
the time d i f fe rence  i n  data, was on the order o f  2 nanoseconds. 

MR. ALLAN: 

That ' s cor rec t .  

MR. STARKER: 



I be1 ieve  t h a t  Dave A l l a n  i s  aware o f  the type o f  contaminat ion t h a t  
i s  expected and maybe he would care t o  comment on how c i v i l  i a n  users would 
r e a c t  t o  t he  contaminat ion. 

MR. ALLAN: 

Bas i ca l l y ,  I t h i n k  we cannot t a l k  about these k inds o f  techniques, but t he  
common view approach would e l im ina te  some o f  the  problems t h a t  would be 
encountered and I t h i n k  t h i s  w i l l  a1 low us t o  s t i l l  use the  system even 
under some d i s tu rbed  circumstances. 

So, I t h i n k  t h a t  t he  system w i l l  be continued. 

DR. WINKLER: 

I n s t i n c t i v e l y ,  I have a f e e l i n g  t h a t  the  system i s  o f  very  g rea t  use r i g h t  
now. 

On the  o ther  hand, we have t o  be prepared. Not one o f  t h e  systems 
can be guaranteed t o  work when we need i t  and there  i s  no th ing  more im- 
p o r t a n t  i n  t ime systems than t o  have a common i n t e r f a c e  t o  a l l o w  us t o  get  
t ime from one o f  the  o ther  many coordinated systems. 

That 's  the  whole purpose o f  coord ina t ion .  

Well, I t h i n k ,  M r .  Chairman, t h a t  we have f i n i s h e d  now and I thank 
you very  much . 

MR. KAHAN: 

I would 1 i ke t o  thank a l l  o f  these speakers t h i s  afternoon. 




