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ABSTRACT 

During May through September 1978 a s i x  n a t i o n  
coopera t ive  experiment was performed t o  i n t e r -  
compare t i m e  ~ t a n d a r d s  of major l a b o r a t o r i e s  
a t  t h e  submicrosecond l e v e l  u s i n g  NTS s a t e l l i t e s .  

NTS t ime t r a n s f e r  r e c e i v e r s ,  which were developed 
f o r  use  w i t h  t h e  NTS s e r i e s  of s a t e l l i t e s  were 
i n s t a l l e d  a t  t h e  D i v i s i o n  of Na t iona l  Mapping (DNM) ,  
A u s t r a l i a ;  Na t iona l  Kesearch Council  (NRc), Canada; 
Royal Greenwich Observatory  (RGO), England; Bureau 
I n t e r n a t i o n a l  d e  l t H e u r e ,  France (BIH); I n s t i t u t e  
f o r  Applied Geodesy (IFAG), West Germany; and i n  
t h e  U.S. a t  t h e  Goddnrd Space F l i g h t  Center (GSFC), 
flat i o n a l  Bureau of S tandards  (NB::! , Naval Research 
Laboratory  (NBL) and t h e  Naval Observatory (USNO). 

The r e s u l t s  of t h e  c l o d  in:ercomparisons w i l l  be 
presented.  

INTRODUCTION 

The major o b j e c t i v e  was t o  perform a n  i n t e r i m  demonstra t ion of t h e  
t ime t r a n s f e r  c a p a b i l i t y  of t h e  NAVSTAR GPS system us ing  a s i n g l e  
NTS s a t e l l i t e .  Measurements of t ime d i f f e r e n c e  (pseudo-range) a r e  
made from t h e  NTS t r a c k i n g  network and a t  t h e  p s r t i c i p a t i n g  
o b s e r v a t o r i e s .  The NTS network measurements a r e  used t o  compute t h e  
NTS o r b i t  t r a j e c t o r y .  The c e n t r a l  NTS t r a c k i n g  s t a t i o n  has a t ime 
l i n k  t o  t h e  Naval Observatory UTC(USNO,MC~) master  c lock.  Using 
measurements taken w i t h  t h e  NTS r e c e i v e r  a t  t h e  remote o b s e r v a t o r y ,  
t h e  time t r a n s f e r  v a l u e  UTC(USNO,MC~)-JTC(REMOTE, V I A  NTS) i s  
c a l c u l a t e d .  For GPS, a s i m i l a r  procedure  could be followed u s i n g  
s imul taneous  measurements taken between t h e  u s e r  and f o u r  GPS 
s a t e l l i t e s .  With t h e  f o u r  GPS pseudo-range ( t ime  d i f f e r e n c e )  



measurements  t aken  a t  a n  (unknown) l o c a t j o n  t h e  u s e r  may s o l v e  f o r  
t h r e e  p o s i t i o n  c o o r d i n a t e s  i n  a d d i t i o n  t o  t ime o f f s e t  w i t h  r e s p e c t  
t o  GPS t ime.  The g o a l  f o r  t h e  NTS e f f o r t  was t o  a c h i e v e  worldwide 
t ime t r a n s f e r  of l e s s  t h a n  one  microsecond accu racy .  

A second o b j e c t i v e  was t o  compute weekly worldwide i n t e r c o m p a r i s o n s  
of t h e  o b s e r v a t o r v  c l o c k  o f f s e t s  u s i n g  p r e d i c t e d  v a l u e s  of  s a t e l l i t e  
c l o c k  o f f s e t  and ephemeris .  Each p a r t i c i p a n t  e n t e r s  a p p r o p r i a t e  
measurements i n t o  computer  f i l e s  which a r e  l a t e r  p r o c e s s e d .  O t h e r  
o b j e c t i v e s  i n c l u d e  c o - l o c a t i o n  a t  l a s e r  s i t e s  and t h e  u s e  of t h e  
o b s e r v a t o r y  t i m e  s c a l e s  i n  e v a l u a t i n g  t h e  s p a c e c r a f t  c l o c k  
performance.  

Time D i f f e r e n c e  Plcasurements 

Time d i f f e r e n c e  (pseudo-range)  measurements  a r e  made between t h e  
s p a c e c r a f t  and t h e  u s e r  by s i d e  t o n e  r ang ing  ( 1 ) .  The NTS-2 space-  
c r a f t  a l s o  h a s  a  GPS pseudo-random sequence  t r a n s m i t t e r .  A l l  measure- 
ments  p r e s e n t e d  i n  t h i s  pape r  were made u s i n g  t h e  s i d e  t o n e  r a n g i n g  
sys tem,  which has  a  r e s o l u t i o n  of 1.56 nsec  ( 4 8  cm.). Measurements of  
t ime d i f f e r e n c e  may be conve r t ed  t o  pseudo-range by m u l t i p l y i n g  by 
t h e  speed  of l i g h t  i n  a  vacuum. U n i t s  of  Lime a r e  used  i n  t h i s  p a p e r  
t o  f a c i l i t a t e  comparisons w i t h  t h e  PTTI communjty. 

The t i m e  d i f f e r e n c e  measurement i s  composed of t h e  d i f f e r e n c e  between 
t h e  s a t e l l i t e  c l o c k  and t h e  u s e r  c l o c k ,  p l u s  s a t e l l i t e  t r a n s m i t t e r  
d e l a y s ,  p r o p a g a t i o n  p a t h  d e l a y ,  i o n o s p h e r i c  d e l a y ,  t r o p o s p h e r i c  d e l a y ,  
u s e r  an t enna  d e l a y ,  c a b l e  and r e c e i v e r  d e l a y ,  A l l  of t h e s e  f a c t o r s  
n u s t  be measured o r  e s t i m a t e d ,  I n  a d d i t i o n  t o  t h e  above  f a c t o r s ,  t h e  
s p a c e c r a f t  c l o c k  is  i n f l l ~ e n c e r l  by t h e  r e l a t i v i s t i c  f r equency  s h i f t ,  
magnet ic  f i e l d s ,  e n e r g e t i c  p a r t i c l e s ,  and s m a l l  v a r i a t i o n s  i n  
t e m p e r a t u r e  and d r i v e  l e v e l ,  

R e c e i v e r s  of two d e s i g n s  were employed i n  making t h e  measurements. One 
r e c e i v e r  ( 2 )  made measurements a t  a nominal  UHF f r equency  of  335 MHz. 
The second r e c e i v e r  used  was c a p a b l e  of making measurements a t  t h e  L 
band f r equency  of 1580 MHz i n  a d d i t i o n  t o  t h e  UHF f requency .  The two 
c h a n n e l  r e c e i v e r  measurements were combined, by s o f t w a r e ,  t o  c o r r e c t  
f o r  t h e  f i r s t  o r d e r  i o n o s p h e r i c  r e f r a c t i o n .  

S p a c e c r a f t  Frequency S tanda rds  

Timing s i g ~ l a l s  t r a n s m i t t e d  from NTS-2 a r e  d e r i v e d  from a  ces ium 
f r equency  s t a n d a r d ;  NTS-1 employs b o t h  rubidium and q u a r t z  
o s c i l l a t o r s .  Frequency s t a b i l i t y  r e s u l t s  have been p r e v i o u s l y  
r e p o r t e d  ( 3 , 4 )  f o r  one of  t h e  NTS-2 c e s i ~ , m  s t a n d a r d s  and f s r  
rubid ium and q u a r t z  o s c i l l a t o r s .  



The NTS-2 cesium s t a n d a r d  was used t o  measure t h e  r e l a t i v i s t i c  
f r equency  s h i f t  ( 5 )  a t  t h e  GPS c o n s t e l l a t i o n  a l t i t u d e .  The NTS-2 
ces ium o u t p u t  f requency  was a d j u s t e d  s o  t h a t  t h e  r e c e i v e d  f r equency  
i s  n e a r  t h a t  of  UTC(USN0,MCl). I n  c o n t r a s t ,  t h e  NTS-1 q u a r t z  o s c i l -  
l a t o r  is  p e r i o d i c a l l y  a d j u s t e d  i n  f r equency  and t ime.  The maxim m -9 
f r equency  e x c u r s i o n s  of t h e  q u a r t z  v a r i e d  from +2x10 t o  -4x10 

-b 
w i t h  r e s p e c t  t o  UTC(USNO,MCl). Noteworthy i s  t h e  f a c t  t h a t  t h e  
e a s e  of o p e r a t i o n  i s  s u p e r i o r  w i t h  ces ium,  in;~smuch a s  compara t ive ly  
l a r g e  p e r i o d i c  a d j u s t m e n t s  a r e  r e q u i r e d  w i t h  t h e  q u a r t z  f r equency  
s t anda  rd. 

Time T r a n s f e r  Technique  

Tne t ime t r a n s f e r  t o  a  remote  l o c a t i o v  is  o b t a i n e d  by f o u r  t ime l i n k s  
t o  UTC(USN0,MCl). The f o u r  l i n k s  a r e  ( a )  from t h e  remote u s e r  c l o c k  
t o  t h e  s p a c e c r a f t  c l o c k ,  ( b )  t h e  s p a c e c r a f t  f requency  t ime u p d a t e  
f o r  t h e  t i m e  d i f f e r e n c e  between o b s e r v a t i o n s  o b t a i n e d  a t  t h e  remote 
s i t e  and t h e  c e n t r a l  s ' t e ,  ( c )  f rom t h e  c e n t r a l  s t a t i o n  c l o c k  t o  t h e  
s p a c e c r a f t  c l o c k ,  and ( d )  from t h e  c e n t r a l  s t a t i o n  c l o c k  t o  
UTC(USN0,MCl). F i g u r e  ( 1 )  d e p i c t s  t h e  f o u r  l i n k s  used  i n  t h i s  
procedure .  T h i s  p rocedure  i n c o r p o r a t e s  t h e  s h o r t  t o  medium t e rm 
s t a b i l i t y  of t h e  s p a c e c r a f t  and c o n t r o l  s t : . i o n  c l o c k  w i t h  t h e  l o n g  
te rm s t a b i l i t y  of t h e  U.S. Naval Obse rva to ry  mu l t i - c lock  t i m e  s c a l e .  

Measurements of [UTC(USNO,MC~)-UTC(P.EMOTE, V I A  NTS)] may be t a k e n  w i t h  
a  v a r i e t y  of f r equency  s o u r c e s  of  v a r y i n g  s t a b i l i t y .  The major  obse rva -  
t o r i e s  p a r t i c i p a t i n g  i n  t h i s  expcr iment  p o s s e s s  f r equency  s t a n d a r d s  
and t ime  s c a l e s  of  proven  a c c u r a c y ,  w i t h  s u f f i c i e n t  d i f f e r e n c e  i n  
geograph ic  l o c a t i o n  ( f i g u r e  21,  t o  check t h e  t ime t r a n s f e r  a t  
d i f f e r e n t  p o s i t i o n s  of  t h e  s p a c e c r a f t  o r b i t .  

Time T r a n s f e r  R e s u l t s  

F i g u r e s  (3) - (12)  p r e s e n t  t ime t r a n s f e r  r e s u l t s  a s  dc te rmined  from t h e  
NTS s p a c e c r a f t .  The f i g u r e s  a r e  s i m i l a r  i n  fo rma t  i n  a s  mucb a s  e a c h  
remote  o b s e r v i n g  s t a t i  i s  r e f e r e n c e d  through t h e  NTS c e n t r a l  ground 
o b s e r v i n g  s t a t i o n  l o c a t e d  a t  Chesapeake Ray D i v i s i o n  (CBD) of  NRL. 
The CBD s i t e  is l i n k e d  t o  t h e  USNOMC by a  s e r i e s  of p o r t a b l e  c l o c k  
c l o s u r e s  t o  a n  a c c u r a c y  of  10-20 nanoseconds.  

T a b l e  1 p r e s e n t s  t h e  phase  o f f s e t  and f r equency  d i f f e r e n c e  of e a c h  
remote s t a t i o n  c l o c k  a g a i n s t  t h e  USNOMC f o r  a  g i v e n  epoch t ime  which 
i s  nominal ly  p l aced  i n  t h e  middle  of t h e  observed  d a t a  span.  I n  
a d d i t i o n ,  t h e  RMS of a  s t r a i g h t  l i n e  l e a s t  s q u a r e s  f i t  t o  a l l  satellite 
p a s s e s  observed  by t h e  remote s t a t i o n  i s  p r e s e n t e d  a s  a  measure  of  t h e  
n o i s e  i n  t h e  t i m e  t r a n s f e r  v a l u e s .  



TABLE I 

NTS 
TIME TRANSFER RESULTS 

UTC(USXO,MC)-UTC(REMOTE, NTS) 

Remote S i t e  Epoch Phase Off se: Frequftcy RMS 
(day (micros ec )  (pp lo  ) (nanosec)  

-- 1978) 

RGO (JY) 

RIH (OP) 

CERGA 

IFAC 

DNM (590) 

RRL 

NH1.M 

NBS 

NRC 

USNO ( M C ~ )  

From t h e  t a b l e  i t  can be seen t h a t  t h e  two Japanese  remote s i t e s  (RRL 
and NRLM) e x h i h i t  a  h igher  no i se  l e v e l  t h a n  t h e  o t h e r  obse rv ing  
s t a t i o n s .  These h igher  no i se  l e v e l  measurements were t h e  r e s u l t  of 
u s i n g  p r e d i c t e d  s a t e l l i t e  p o s i t i o n  ephemeris. F u r t h e r  a n a l y s i s  w i l l  
be performed us ing  observed o r b i t a l  t r a j e c t o r y .  

Also p l o t t e d  i n  f i g u r e s  (3)- (12)  a r e  t h e  r e s u l t s  of p o r t a b l e  c l o c k  
~ I o s u r e s  performed by personnel  from t h e  USNO. These p o r t a b l e  c lock 
c l o s u r e s  a r e  used a s  " t r u t h "  o r  a b s o l u t e  accuracy t i e - i n  f o r  t h e  NTS 
r e s u l t s .  

F igures  (13)-(15) p r e s e n t  t i m r  t r a n s f e r  r e s u l t s  from t h e  NTS remote 
observing s t a t i o n  l o c a t e d  a t  &he  Panama Cam1 Zone (CZ) s i t e .  R e s u l t s  
i n  t h i s  d a t a  span were obta ined w i t h  both  NTS2 and NTSl : p a c s c ~ ? f t s .  
The NTS2 d a t a  included obse rva t ions  a v a i l a b l e  a t  bo th  335 MHz and 
1580 MHz, al lowing f o r  a  f i r s t  o r d e r  ionospher ic  delay measurement. 



The NTSl measurements used s i n g l e  freauency measurement a t  335 MHz. 
Tab1.e 2  summarizes t h e  CZ r e s u l t s  i n  a s i m i l a r  f a s h i o n  t o  Table 1. 

TABLE 2 

NTS 
TIME l'RANSFER RESULTS 
UTC(USNO,MC)-UTC~CZ) 

Epoch P52se RMS 
(Day, 1978) (microsec)  ( n ~ n o s e c )  

Figure  (13)  ; ) r e sen t s  t h e  e n t i r e  d a t a  span c o n s i s t i n g  of bo th  NTS2 
and NTSl measuremen:s. F i g u r e  (14)  p r e c e n t s  ocly  NTS2 d a t a .  The 
improvement i n  n o i s e  l e v e l  was from 33C zzzzseconds t o  63 PZX- 
seconds. This improvement was t h e  r e s u l t s  of two n u j o r  advantages  
of t h e  NTS2 s p a c e c r a f t  over  t h e  NTSl ? p a c e c r a f t ;  f i r s t l y  t h e  u s e  
of a  cesium o s c i l l ~ t o r  i n  sp'4 :e (STS2) a s  opposed t o  a  q u a r t z  
o s c i l l a t o r  (NTS1) and,  secopdly ,  t h e  a b i l i t y  t o  correcL f o r  t h e  
ionospher ic  delay by dua l  frequency measurement (NTS2). 

The a d d i t i o n a l  improvement i n  n o i s e  l e v e i  bezween f i g u r e s  (14)  and 
(15) (from 63 nanosec :o 9  nanosec) i s  t h e  r e s u l t  of a  s y s t e m a t i c  
e f f e c t  i n  +_he o r b i t  de te rmina t ion  method which corresponds  t o  t h e  
2  rev/day o r b i t  conf igura t ion .  F igure  (15)  u s e s  obse rva t ions  
obta ined from t h e  same s i d e  of t h e  o r b i t  each day. Th i s  n o i s e  
l e v e l  of 9 nanoseconds is  considered t o  be i n d i c a t i v e  of r e s u l t s  
which can be a t t a i n ~ d  i n  t h e  f u l l  o p e r a t i o n a l  GPS c o n s t e l l a t i o n .  

System Closure  

Figure  (12)  p r e s e n t s  t h e  time t r a n s f e r  r e s ~ l t s  f o r  a  r e c e i v e r  
l o c a t e d  a t  t h e  U. S. Naval Observatory wi th  a  d i r e c t  inpu t  from 
UTC(I1SN0,MCl). I t  can be seen t h a t  t h e  n o i s e  l e v e l  is  171 nanosec 
wi th  a n  o f f s e t  of -36 nanosec a t  t h e  epoch p resen ted .  

Time comparisons f o r  f i v e  of t h e  major o b s e r v a t o r i e s  a r e  p resen ted  
i n  f i g u r e  (16).  The i n s e r t  i n  f i g u r e  (16)  p r e s e n t s  t h e  o f f s e t  of 
t h r e e  of t h e  o b s e r v a t o r i e s  t o  permit  r e l a t i v e  frequency comparisc;l. 

. - 
'I. &A> 



Noteworthy is t h e  l i n e  f o r  UTC(USNO,MC~) v i a  NTS; a  smal l  s l o p e  on 
i h e  o r d e r  of a  few p a r t s  i n  lO(15) is  p r e s e n t  which i s  no t  s t a t i s t i -  
c a l l y  s i g n i f i c a n t .  

Table  3 p r e s e n t s  t h e  d i f f e r e n c e s  f o r  t h e  NTSl t ime t r a n s f e r s  w i t h  
r e s p e c t  t o  t h e  i n t e r p o l a t e d  ~ o r t a b l e  c lock  measurements. The 
average accuracy i n d i c a t e d  by t h e  p o r t a b l e  c lock  i s  -0.06 usec.  
This  t a b l e  links t h e  e n t i r e  experiment t o  t h e  a b s o l u t e  o r  " t r u t h "  
va lues  a s  decemined  by t h e  DOD master  clock.  

TABLE 3 

SUMMARY OF 
PORTABLE CLOCK CLOSURES 

VS 
NTS TIME TRANSFER RESULTS 

STATION PORTABLE CLOCK- 
NTS TIME TRANSFER 

CERGA 117 .70 

DNM 282 .09 

NBS 2 2 1  .19 

NRLM 29 9 -.53 

RGO 115 .44 

Conclusions 

The fol lowing i tems a r e  summarized as a  conc lus ion  f o r  t h e  s i x  
n a t i o n  t ime Zrans fe r  campaign: 

o  T i m ~  t r a n s f e r s  v i a  NTS s a t e l l i t e s  of b e t t e r  than  1 microsecond 
accuracy have been demonstrated.  



o Simulated s i n g l e  s a t e l l i t e  GPS o p e r a t i o n  has been demonstrated.  

o A 9 nanosecond t ime t r a n s f e r  n o i s e  l e v e l  over  a 1 2  day span 
has  been demonstrated a s  a p o s s i b l e  b e s t  va lue  of r e s u l t s .  
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Ouest i ons and Answers 

DR. DAVE CURKENDALL, J e t  P ropu ls ion  Lab: 

The data a c t u a l l y  looks q u i t e  a b i t  b e t t e r  than t h e  t i t l e  o f  "Sub- 
microsecond." Would you care  t o  venture j u s t  how good you t h i n k  i t  
i s ,  r e a l l y ?  How good do you t h i n k  you have achieved t ime sync? 

MR. MCCASKILL: 

I would r e a l l y  p r e f e r  not t o  g i ve  an answer t o  t h a t  except t h a t  we 
a re  very w e l l  encouraged w i t h  t h e  r e s u l t s .  I don ' t  r e a l l y  want t o  
g ive  an absolu te  number on it. I n  terms of what t h e  GPS system 
might do, t h a t  s l i d e  t h a t  showed t h e  n i ne  nanoseconds, prov ided we 
can get a l l  t h e  biases out,  which are f a i r l y  small and f a i r l y  w e l l  
known r i g h t  now, then  probably i n  t h e  neighborhood O T  10 t o  20 
nanoseconds w i t h  no problem. Yes, s i r .  

i)R. GERNOT M. R. WINKLER, U.S. Naval Observatory: 

Since you don ' t  want t o  szy anyth ing I would j u s t  l i k e  t o  g i ve  you 
my impressions on t h e  bas is  o f  your  data. 

It appears t h a t  t he  NTS-1 comparisons have a no ise l e v e l  o f  
about 150 nanoseconds, j u s t  because o f  t h e  t ime  t r a n s f e r  t o  t h e  
sate1 1 i t e  and down. That i s  der i ved  f rom your  data o f  t h a t  c losed 
loop, w i t h  t h e  NTS r e c e i v e r  a t  t h e  observatory.  

The reason why the more d i s t a n t  s t a t i o n s  show c o n s i s t e n t l y  
l a r g e r  sigmas, t h e  l a r g e r  t h e  diztances, i s  s imply  because NTS-1 
on l y  has a r e l a t i v e l y  poor frequency standard, and you depend on 
i nc reas ing l y  1 onger ex t rapo l  a t i o n  t imes f o r  t h e  g rea te r  distances. 
So there fo re ,  t he  data w i t b  A u s t r a l i a  and w i t h  Japan a re  l a r g e r  than 
one h a l f  microsecond, w h i l e  those which a re  c lose  by, such as NRC, 
have been down t o  180, 200 nanoseconds. That i s  t h e  NTS-1 r e s u l t s .  

However, NTS-2 seems t o  be b e t t e r  by a t  l e a s t  an o rder  of 
magnitude because you have a cesium standard and t h e r e f o r e  a re  much 
l ess  s e n s i t i v e  t o  l ong  ex t rapo la t 'on  t imes. Also, i t  appears t o  me 
t h a t  you have a much b e t t e r  s igna l  t o  r loise; and I wonder whether 
you have any comments t o  t ha t .  

MR. MCCASKILL: 

The on ly  comment I would l i k e  t o  add t o  t h a t  i s  t h a t  t h e  measure- 
ments w i t h  FUTS-1 were made us ing  a s i n g l e  frequency a t  335 mega- 
hertz.  

I n  those meajurements we presented, t h e r e  i s  no c o r r e c t i o n  f o r  
t he  ionospher ic  delay,  which i s  q u i t e  cons iderzb le .  And i n  t h e  
NTS-2 r e s u l t s ,  we d i d  have dual -frequency measurements avai  1 able. 

I c e r t a i n l y  a p ~ r e c i  a t e  t h e  comments concerning t h e  quar tz  osc i  1 a- 
t o r ,  but  I t h i n k  most o f  i t  i s  due t o  t h e  ionosphere. Even though 



quar tz  i s  c e r t a i n l y  not US good as cesium, I b e l i e v e  t h e  ionosphere i s  
t h e  major c o n t r i b u t i o n  there.  

DR. TOM CLARK, NASA Goddard Space F l i g h t  Center: 

I w i l l  take  t h e  p re roga t i ve  o f  making a  couple o f  i n s t a n t  ana l ys i s  
comments also. I n o t i c e  a  great  deal o f  odd-even e f f e c t  i n  t h e  data 
po in t s  taken on t h e  o r b i t s ,  one s i de  and Lhe other ,  which t o  me says 
e i t h e r  a  sate1 1  i t e  ephemeris e r r o r  and/or s t a t  i o n  l o c a t  i o n  e r r o r s  
are c o n t r i b u t i n g  cons iderab ly  t o  t h e  s c a t t e r  you a re  seeing on t h e  
p l o t s .  

Second o f  a l l ,  another one which I observed as i t  went by very 
qu i ck l y ,  t h e  comparison o f  NRC t o  CBD versus t h e  comparison o f  USNO 
t o  CBD both. The f i r s t  h a l f  o f  t h e  p l o t  showed a  very systemat ic 
parabola which looked j u s t  t h e  same on t h e  two o f  them, which i n d i -  
cates t h a t  t he  common c lock ,  t h e  CBD c lock,  was t h e  one which was 
s e t t i n g  t h a t  p a r t  o f  t h e  curve. And i n  f a c t ,  you might f i n d  i t  more 
i n s t r u c t i v e  t o  sub t rac t  out CBD, and do a  d i r e c t  USNO-NRC compari- 
son, which cou ld  then be t i e d  i n t o  t h e  prev ious paper. Do we have 
some o ther  comments? 

DR. BILL RECKERT, Rockwell : 

I would l i k e  t o  know i f  t he re  i s  any data t h a t  has come i n  on space- 
c r a f t  now-- You sa id  something about some i n t e r m i t t e n t  problems. 
I s  t he re  another frequency t h a t  i s  be ing t r ansm i t t ed  down i n  regard 
t o  use fu l  data? 

MR. MCCASKILL: 

The answer t o  your  f i r s t  quest ion i s  t he re  i s  no d j t a  be ing acquired 
r i g h t  now. It was on b r i e f l y  ' last week. The l a s t  t ime  i t  was on 
was dur ing  the  e c l i p s e  per iod,  which happens every s i x  months; and 
i t  i s  not f u l l y  understood v~hy i t  i s  on then no t  t h e  r e s t  o f  t h e  
t ime, but  the  next one comes up i n  about February. So we are hoping 
t o  see some more data f rom i t ,  bu t  t h e r e  i s  no way t o  promise data. 

DR. RECKERT: 

What f r e q ~ e n c y  i s  t h a t  data be ing t r ansm i t t ed  on? 

MR. MCCASK I LL : 

The NTS-2 r e s u l t s  you saw were two frequencies a t  335 and 1580 !?Hz, 
which were o f  course combined t o  make t h e  ionospher ic  co r rec t i on .  

DR. VICTOR REINHARDT, NASA Goddard Space F l  i ght Center: 

Were both t h e  NTS-1 and t h e  NTS-2 data taken w i t h  t h e  same t ype  of 
r ece i ve r?  

MR. NCCASK I LL : 

Some of the  data were taken w i t h  t he  same type  o f  rece ive r .  How- 
ever, p a r t  of t h e  NTS-2 data were taken w i t h  a  d i f f e r e n t  t ype  o f  
rece ive r .  Two d i f f e r e n t  rece ive rs  were used. 



DR. RE 1 NHARDT : 

I s  t h a t  t h e  n ine  nanosecond data,  two r e c e i v e r s ?  

MR. MCCASKILL: 

S i r ?  Which-- 

DR. REINHARDT: 

On t h e  n ine  nanosecond data ,  two r e c e i v e r s  were used? 

MR. MCCASKILL: 

That i s  c o r r e c t  ; t h e  o t h e r  type.  

DR. REINHARDT: 

Thank you. 

DR. WILLIAM KLEPCZYNSKI, U.S. Naval Observatory:  

I am no t  su re  I understand something which was s a i d  e a r l i e r  i n  
c o n j u n c t i o n  w i t h  t h e  s l i d e  I saw. E a r l i e r ,  D r .  Cos ta in  i n d i c a t e d  
t h a t  th rough t h e  Hermes data, he came t o  t h e  conc lus ion ,  o r  v e r i f i e d  
t h e  conc lus ion,  t h a t  NBS and USNO a r e  go ing a t  t h e  same r a t e ,  and 
NRC i s  runn ing  a t  a l i t t l e  b i t  d i f f e r e n t  r a t e  i n  t h e  o t h e r  d i r e c -  
t i o n .  But yo! l r  s l i d e  i n d i c a t e s  t h a t  bo th  NBS and NRC a re  runn ing  
o f f  w i t h  respect  t o  t h e  Observatory. I am wonder ing whether we a r e  
compar i r~g t h e  sane t h i n g :  Are we comparing t i m e  sca les ,  o r  i n d i v i  - 
dual cesiums, o r  what - - I  an no t  su re  I understand. 

MR. MCCASKILL: 

L e t  me answer t h e  ques t ion  i n  two pa r t s .  F i r s t ,  we have no t  had a 
chance t o  cross-check w i t h  t h e  Hermes r e s u l t s .  The b a s i c  measure- 
ment i s  one o f  a s ta r t -m inus -s top  measurement; t h a t  i s ,  as i f  you 
s t a r t e d  w i t h  USNO Master Clock Number One and stopped w i t h  t h e  r e -  
s u l t .  So when you see a s lope,  i t  - s  a s lope of t h e  s ta r t -m inus -  
s top  measurement. 

DR. WINKLER: 

I t h i n k  t h a t  bo th  o f  you have i n d i c a t e d  t h a t  t h e r e  i: no frequency 
d i f f e r e n c e  between NBS and USNO, b u t  t h a t  t h e r e  i s  a f requency d i f -  
ference between NRC and bo th  o f  us. Only t h a t  va lue  i s  d i f f e r e n t ;  
i t  i s  something l i k e  1.1 i n  1013 f o r  t h e  Hermes r e s u l t s ,  and o n l y  
f i v e  p a r t s  i n  1014 f o r  you r  NTS r e s u l t s .  Th is  i s  my r e c o l l e c t i o n .  
So t h e y  a r e  i n  t h e  same d i r e c t i o n ,  and I d o n ' t  t h i n k  t h e r e  i s  t h i s  
d iscrepancy as D r .  K lepczynsk i  seems t o  have seei .  

You can go t o  t h e  same s l i d e ,  and ther r?  was no f requency d i f -  
ference between NBS, and t h e r e  s h o u l d n ' t  be. 

DR. CLARK: 

Since i t  i s  ordained t h a t  t h e r e  i s  no f requency d i f f e r e n c e  between 
Boulder  and Washington, ' e t ' s  go on. 




