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LORAN-C P R E D l  CT l  ON PROBLEMS 
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W a s h i n g t o n ,  0 .  C .  

ABSTRACT 

C o n t r o l  o f  t i m e  and  f r e q u e n c y  a t  r e m o t e  s t a t i o n s  and  t h e  
m a i n t e n a n c e  o f  a  c o n s t a n t  t i m e  s c a l e  f o r  Lo ran-C c h a i n s  
a r e  p rob l en i s  o f  p r a c t i c a l  i m p o r t a n c e .  The s t a b i l i t y  o f  
s t a t i o n s  m o n i t o r i n g  a Loran-C c h a i n  i s  a n a l y z e d  - i n  p a r -  
t i c u l a r ,  t h o s e  s t a t i o n s  m o n i t o r i n g  t h e  N o r t h w e s t  P a c i f i c  
c h a i n  ( ~ ~ / 9 9 7 0 )  . P a r t  o f  t h e  a n a l y s i s  c o n 5 i s t s  o f  corn- 
p a r i n g  i n d i v i d u a l  d e t e r m i n a t i o n s  o f  t h e  q u a n t i t y ,  U. 5 .  
N a v a l  O b s e r v a t o r y  M a s t e r  C l o c k  (USNO MC)  - LC/9970,  w i t h  
an a v e r a g e d  v a l u e  and  i n  m a k i n g  i n t e r c o m p a r i s o n s  o f  
m o n i t o r e d  d a t a .  

The  v a l u e s  f o r  t h e  r e l a t i o n s h i p  

USNO MC - LC/g970 

a r e  pub1 i s h e d  w e e k l y  i n  t h e  T ime  S e r v i c e  S e r i e s  4 announcements  t o  en-  
a b l e  u s e r s  t o  e s t a b l i s h  and  m a i n t a i n  t r a c e a b i l i t y  t o  t h e  USNO M C .  
These  v a l u e s  a l s o  a r e  a v a i l a b l e  on  a  d a i l y  b a s i s  by  t e l e p h o n i c  communi- 
c a t i o n  w i t h  an H P  1000 c o m p u t v r  l o c a t e d  i n  t h e  T ime S e r v i c e  b u i l d i n g .  
D e t a i l s  o f  some o f  t h e  w o r k  done and  p r o b l e m s  e n c o u n t e r e d  i n  t h e  d e t e r -  
m i n a t i o n  o f  USNO MC - LC/9970 a r e  i l l u s t r a t e d  h e r e .  

How does o n e  keep  a c h a i n  o n  t i m e ?  Some c h a i n s  a r e  m o n i t o r e d  a t  t h e  
N a v a l  O b s e r v a t o r y  a n d  t h e  d i f f e r e n c e s ,  USNO MC m i n u s  t h e  c h a i n s ,  a r e  
p u b l i s h e d  i n  S e r i e s  4 as  d i r e c t  measu res .  However ,  t h e  O b s e r v a t o r y  
c a n n o t  r e c e i v e  t h e  Loran-C s i g n a l s  o f  mos t  c h a i n s ,  e s p e c i a l l y  t h e  N o r t h -  
w e s t  P a c i f i c  c h a i n .  N o n e t h e l e s s ,  even  a t  a d i s t a n c e  o f  some 8,000 l n i l e s  
frorri W a s h i n g t o n ,  i t  i s  p o s s i b l e  t o  d e t e r m i n e  and  p u b l i s h  t h e  r e s u l t  o f  
e m i s s i o n  t i m e  o f  LC/9970 t o  a h i g h  d e g r e e  o f  a c c u r a c y .  

F i g u r e  1 compares t h e  v a l u e s  o f  USNO M C  - LC/1970 f o r  b o t h  t h e  pub-  
l i s h e d  d a t a  i n  S e r i e s  4 and t h e  computed a v e r a g e  v a l u e s .  Thc  computed 
v a l u e s  a r e  r e p r e s e n t e d  b y  t h e  c u r v e  w h i c h  has been  l a b e l l e d  p e r i o d i c a l l y  
w i t h  l a r g e  symbo ls  f o r  e a s i e r  r e c o q n i t i o n .  The d i f f e r e n c e  be tween  t h e  
two  c u r v e s ,  w h i c h  has  been  p l o t t c d  a g a i n s t  an  o f f s e t  z e r o  l i n e ,  a p p e a r s  
n e a r  t h e  b o t t o m  o f  t h e  p l o t .  The x a x i s  u n i t s  a r e  i n  t e r m s  o f  M o d i f i e d  
J u l i a n  Day and  t h e  y a x i s  u n i t s  a r e  m i c r o s e c o n d s .  T h e s e  a x i s  d e s i g n a -  
t i o n s  a r e  t h e  same f o r  a l l  p l o t s  u s e d  i n  t h i s  p a p e r .  I t  i s  o b v i o u s  
t h a t  t h e  two  c u r v e s  do n o t  a l w a y s  a g r e e  and c a n  be  mo re  t h a n  0 .59s  
a p a r t ,  b u t  g e n e r a l l y  t h e  r e s i d u a l  i s  l e s s  t h a n  0.511s. 
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F i g u r e  1 .  

The upper  cu rves  a r e  v a l u e s  as p u b l i s h e d  i n  S e r i e s  4 and as  
de te rm ined  f r o m  t h e  computed average ( t r a c e d  w i t h  l a r g e  sym- 
b o l s ) .  The lower  p l o t  i s  t h e  d i f f e r e n c e  between t h e  two 
c u r v e s .  Announced f requency  changes a r e  i n d i c a t e d  by a r rows .  

p u b l i s h e d  v a l u e s  o f  USNO MC - LC/9970 a r e  based on e x t r a p o l a t i o n  
t h e  t i m e  s c a l e s  f o r  s e v e r a l  m o n i t o r i n g  s i t e s .  R u n - o f f s  o c c u r  when 
i t i o n a l  d a t a  i s  r e c e i v e d  f rom o t h e r  m o n i t o r i n g  s t a t i o n s  wh ich  do n o t  

send t h e i r  Lo ran  r e a d i n g s  t o  t h e  Observa to ry  on a d a i l y  b a s i s .  I f ,  a f t e r  
new d a t a  i s  r e c e i v e d ,  t h e  computed average c u r v e  t a k e s  a  new d i r e c t i o n ,  
then t h e  p u b l i s h e d  v a l u e s  w i l l  be  s t e e r e d  t o  t h e  c o r r e c t  v a l u e  o v e r  a  
p e r i o d  o f  a  week o r  two r a t h e r  than  have a jump o f  a f r a c t i o n  o f  a  
microsecond.  

F i g u r e  1 a1 so shows announced f requency  changes ( i n d i c a t e d  by  a r rows)  
i n  the  Lo ran  as w e l l  as s m e  d i s c o n t i n u i t i e s  wh ich  w i l l  be  d i scussed  
l a t e r .  I n  what f o l l o w s ,  a t t e n t i o n  w i l l  be  g i v e n  t o  t h e  d a t a  sources 
used i n  g e n e r a t i n g  t h e  computed average and t o  some o f  t h e  f a c t o r s  
w h i c h  a f f e c t  t h e  r e l a t i v e  d i sp lacemen t  o f  t h e  two cu rves .  

The Nor thwes t  P a c i f i c  c h a i n  i s  t i e d  t o  t h e  Nava l  Observa to ry  by  

1 ,  P o r t a b l e  c l o c k s ,  
2.  Defense Sate1 1 i t e  Communication System ( D S C S )  

t i m e  t r a n s f e r s ,  and 
3 .  The r a t e  c o r r e l a t i o n  method. 

Each o f  t h e s e  methods has advantages and drawbacks, t h e  i d e a l  s i t u a t i o n  
employ ing a l l  t h r e e  s i m u l t a n e o u s l y .  Us ing  LC/9970 t r a n s m i s s i o n s ,  



d i f f e r e n c e s  o f  U S N O  MC - s t a t i o n  a r e  seen i n  F i g u r e  2 .  I n  t h i s  case,  
t h e  d a t a  i s  f o r  a  ces ium a t  t h e  D S C S  t e r m i n a l  i n  F inegayan,  Guam. As 
w i t h  a l l  L o r a n  d a t a ,  t h e  r e a d i n g s  taken  b y  t h e  s t a t i o n  a r e  f o r w a r d e d  t o  
t h e  O b s e r v a t o r y  and c a l c u l a t i o n s  made t o  reduce a l l  t h e  d a t a  t o  USNO MC - 
s t a t  i o n .  

-8.0 b-+-4-T,--+TT, , , i , , T 1 9 i , 1 r r 8 1 * I 8  * I I -8.0 
YY650 i U 7 0 0  U U M 1  YYBOU 4UsW 

JRN FEE HfiSCH HPRIL HRT N H E  JULT RUGUST SEPT UCT 

1981 

F i g u r e  2.  

Per fo rmance o f  Cesium 1510 

I n  January ,  t h i s  p a r t i c u l a r  c l o c k  was s tepped p e r  i n s t r c l c ~ i o n  f rom t h e  
O b s e r v a t o r y ;  l a t e r ,  t h e r e  were severa  1 spontaneoi is  r a t e  changes. 
Ano the r  s t e p  was programmed i n  June as w e l l  as a f requency  change. I n  
Augus t ,  t h e  c lock ,  jumped and changed r a t e .  I n  ScpLeniber, i t  jumped 
a g a i n  w i t h  a n o t h e r  c o r r e s p o n d i n g  r a t e  change.  The rc  a r e  f r e q u e n t  power 
ou tages wh ich  c o n t r i b u t e  t o  m i s s i n g  d a t a .  T h i s  p l o t  shows t h a t  a c l o c k  
t r i p  once or  t w i c e  a yea r  ( a  t y p i c a l  average f o r  t h i s  c h a i n )  i s  f a r  
from adequate  t o  t i e  t h c  LC/9970 c h a i n  t o  t:he USNO t i m e  s c a l e  when a  
c l o c k  p e r f o r m s  i n  t h e  manner o f  cesium 1 5 1 0 .  

A  b e t t e r  behaved c l o c k  i n  terrns o f  l ong  t i ~ : l e  spans i s  ces ium 211 a t  
NASA,  Guam, whose per fo rmance i s  shown i n  F i g u r e  3 .  Here i s  a c l o c k  
w i t h  reasonab ly  sma l l  s c a t t e r ,  no d i s c o n t i n u i t i e s  and r e l a t i v e l y  few 
r a t e  changes. T h i s  c l o c k  i s  h e a v i l y  r e l i e d  upon f o r  t h e  d e t e r m i n a t i o n  
o f  USNO MC - LC/9970 n o t  o n l y  because o f  per fo rmance b u t  a l s o  because 



i t s  Lo ran  v a l u e s  a r e  r e p o r t e d  d a i l y .  
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F i g u r e  3 .  

Performance o f  Cesium 211, A c o n s t a n t  o f  19ps has been sub- 
t r a c t e d  f r o m  v a l u e s  o f  USNO MC-Cs 211. 

From a p r a c t i c a l  p o i n t  o f  v iew ,  s a t e l l i t e  t i m e  t r a n s f e r s  a r e  more use- 
f u l  i n  e s t a b l i s h i n g  t h e  r e l a t i o n s h i p  between a  Lo ran  c h a i n  and t h e  
Naval  O b s e r v a t o r y  Mas te r  C l o c k  t h a n  a r e  p o r t a b l e  c l o c k  t r i p s ,  by  v i r t u e  
o f  t h e  g r e a t e r  f requency  o f  t h e  s a t e l l i t e  t i m e  t r a n s f e r s .  There  a r e  
t h r e e  DSCS t e r m i n a l s  w h i c h  can m o n i t o r  t h e  LC/9970 c h a i n .  These t e r m i -  
n a l s  a r e  l o c a t e d  a t :  

1 .  Futema, Okinawa, 
2 .  F inegayan,  Guam, and 
3 .  K w a j a l e i n ,  Marsha l  1 I s l a n d s .  

Time t r a n s f e r s  f r o m  Futema were resumed i n  l a t e  1980 a f t e r  a  l o n q  ab- 
sence. The t r a n s f e r s  a r e  done on a  week ly  b a s i s  and would  norrnai ly be 
q u i t e  u s e f u l  were i t  n o t  f o r  t h e  f a c t  t h a t  no  Lo ran  r e c e i v e r  was opera-  
t i n g  a t  t h e  s i t e .  R e c e n t l y ,  Loran-C m o n i t o r i n g  has resumed b u t  t h e  
d a t a  i s  e r r a t i c  and equipment problems may s t i l l  e x i s t .  Thus, i t  i s  
p r e s e n t l y  i m p o s s i b l e  t o  use t h e  Futema t i m e  t r a n s f e r s  d i r e c t l y .  

The DSCS t e r m i n a l  a t  F inegayan,  d a t a  f r o m  w h i c h  a r e  p r e s e n t e d  i n  F i g u r e  
4, i s  t h e  p r e s e n t  ' w o r k h o r s e '  f o r  s a t e l l i t e  t i m e  t r a n s f e r s  i n  t h e  
P a c i f i c .  Here,  u s i n g  LC/9970 t r a n s m i s s i o n s ,  d i f f e r e n c e s  o f  USNO MC - 
Cs 1061 a r e  p l o t t e d  a l o n g  w i t h  t h e  i n t e r m i t t e n t  t i m e  t r a n s f e r s  shown 
by  t h e  l a r g e  symbols.  The s a t e l l i t e  p o i n t s  have r e l a t i v e l y  low s c a t t e r  
and a r e  e x t r e m e l y  u s e f u l  f o r  p r e d i c t i n g  t h e  d i r e c t i o n  i n  w h i c h  t h e  
system s h o u l d  be moving.  Cesium 1061 a l s o  se rves  as t h e  p r i m a r y  
t h r o u g h  w h i c h  two o t h e r  c l o c k s  a t  F inegayan a r e  m o n i t o r e d .  The draw- 
back i s  t h a t  t i m e  t r a n s f e r s  a r e  n o t  r e g u l a r  enough due t o  h i g h e r  
p r i o r i t y  requ i remen ts  a t  F inegayan.  A l s o ,  equipment problems tend  t o  
produce f r e q u e n t  gaps i n  t h e  Lo ran  d a t a  r e s u l t i n g  i n  cesiums b e i n g  
r e s e t - - u s u a l l y ,  one t o  a n o t h e r .  
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P e r f o r m a n c e  of Cesium 1061.  The l a r g e  symbo l s  i n d i c a t e  
s a t e l  1 i t e  t i m e  t r a n s f e r < .  A c n n z t a n t  nf  I - # <  haC  boon c l l h -  - - - -  - . . . . - - . . ' + - . , , >  V ,  . ^.J l l Y J  V L L l l  3 U U  

t r a c t e d  f r o m  t h e  v a l u e s  o f  U S N O  MC - Cs 1061.  

The t h i r d  D S C S  t e r m i n a l  i s  l o c a t e 2  a t  K v i a j a l e i n .  Even t h o u g h  t h e r e  i s  
c o n s i d e r a b l e  s c a t t e r  i n  t h e  L o r a n  d a t a  ( ~ i ~ u r e  5), t h e  l a r g e  symbo led  
t i m e  t r a n s f e r s  w e r e  v e r y  u s e f u l  u n t i l  a p p r o x i m a t e l y  June  1981 .  A t  t h a t  
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P e r f o r m a n c e  o f  Cesiur r~ 468 a t  K w a j a l e i n .  L a r g e  symbo l s  
i n d i c a t e  s a t e 1  1 i t e  t i m e  t r a n s f e r s .  

t i m e  t h e  s a t e l l i t e  p o i n t s  d e p a r t e d  f r o m  t h e  L o r a n  sys tem ( d e f i n e d  by  
t h e  many o t h e r  c l o c k s  w h i c h  make u p  t h e  MEAN) . I t- f a c t ,  t h e r e  seems t o  
b e  an o f f s e t  o f  a b o u t  1 ~ s .  No t r a n s f e r s  w e r e  p e r f o r m e d  a f t e r  A u g u s t  
due t o  p r o b l e m s  w i t h  a t i m e  t r a n s f e r  modem a t  t h e  D S C S  t e r m i n a l  a t  Camp 
R o b e r t s ,  C a l i f o r n i a .  Hence,  K w a j a l e i n  i s  t e m p o r a r i l y  u n a v a i l a b l e  i n  
h e l p i n g  t o  d e t e r m i n e  U S N O  MC - LC/9970 f r o m  a t i r i le  t r a n s f e r  p o i n t  o f  
v i e w .  T h i s  i s  an  example  o f  why one  c a n n o t  r - e l y  e x c l u s i v e l y  upon  any  
one s o u r c e  o f  d a t a !  



S c a t t e r  problems o f  Lo ran  m o n i t o r e d  d a t a  i n  K w a j a l e i n  a r e  i l l u s t r a t e d  
i n  F i g u r e  6 wh ich  i s  o b t a i n e d  by s u b t r a c t i n g  USNO MC - LC/9970 v i a  each 
s t a t i o n  f rom USNO MC - LC/9970 as  de te rm ined  by t h e  average o f  a l l  
c l o c k s  i n  t h e  MEAN. Here ,  NASA ( w i t h  r e l a t i v e l y  low s c a t t e r )  and 

1981 
F i g u r e  6 .  

R e l a t i v e  s c a t t e r  abou t  an o f f s e t  z e r o  l i n e  o f  Loran-C s i g n a l s  
as obse rved  a t  t w o  s e p a r a t e  m o n i t o r i n g  s i t e s  i n  t h e  P a c i f i c .  

K w a j a l e i n  ( w i t h  r e l a t i v e l y  h i g h  s c a t t e r )  a r e  b e i n g  compared. The 
s c a t t e r  i n  K w a j a l e i n  may be a c o m b i n a t i o n  o f  skywave c o n t a m i n a t i o n ,  
o s c i l l a t o r  or  r e c e i v e r  prob lems,  o r  p e r s o n n e l .  P r e v i o u s l y ,  K w a j a l e i n ' s  
s c a t t e r  was much l e s s .  

F i g u r e  7 i l l u s t r a t e s  Lo ran  d a t a  f o r  NASA a g a i n  b u t  t h i s  t i m e  t h e  x a x i s  
has been compressed t o  go back two y e a r s .  A l s o ,  t h e  t i m e  t r a n s f e r s  a t  

F i g u r e  7, 

Values o b t a i n e d  t h r o u g h  t h e  computed ave rage  o f  LC/9970, u s i n g  t h e  
s a t e l l i t e  t i m e  t r a n s f e r s  a t  F inegayan ( x )  and K w a j a l e i n  (0).  A 
c o n s t a n t  o f  I9ps  has been s u b t r a c t e d  f r o m  t h e s e  da ta .  

F inegayan and K w a j a l e i n  ( l a r g e  symbols) have been reduced t o  o b t a i n  
v a l u e s  o f  USNO M C  - NASA t h r o u g h  t h e  commonly m o n i t o r e d  Lo ran  d a t a .  I n  
a d d i t i o n  t o  t h e  u s u a l  s c a t t e r  o f  Loran-C, a s o l i d  l i n e  i s  p l o t t e d  which 



i s  t h e  a d o p t e d  f r e q u e n c y  o f f s e t  f o r  U S N O  MC - s t a t i o n .  These  a r e  
s t r a i g h t  l i n e s ,  c h a n g i n g  s l o p e  o n l y  when i n d i c a t e d  b y  t h e  raw d a t a .  I t  
i s  e v i d e n t  t h a t  K w a j a l e i n  was d e f i n i t e l y  b e t t e r  b e f o r e  May o f  1981, even  
t hough  i t  shows somewhat rnorc s c a t t e r  t h a n  F i n e g a y a n .  T h i s  p l o t  demon- 
s t r a t e s  t h a t  a  good c l o c k  w i t h  s e v e r a l  s o u r c e s  o f  t i n e  t r a n s f e r s  i s  a 
p o w e r f u l  t o o l  f o r  r emo te  t i m e  s c a l e  d e t e r m i n a t i o n .  

A  s i m i l a r  s i t u a t i o n  ( ~ i ~ u r e  8) i s  t h a t  i n  w h i c h  s a t e l l i t e  t i m e  t r a n s -  
f e r s  f r o m  t h e  F i n e g a y a n  and  K w a j a l e i n  t e r m i n a l s  have  been  r e d u c e d  t o  
o b t a i n  USNO MC m inus  Tokyo  A s t r o n o i r l i c a l  O b s e r v a t o r y  (TAO)  and  USNO MC 
m i n u s  R a d i o  Resea rch  L a b o r a t o r y  ( R R L )  v i a  t h e  L o r a n .  These  t i m e  sys tems  
( b o t h  l o c a t e d  i n  T o k y o ,  ~ a p a n )  a r e  v e r y  good rnernbers o f  t h c  c l o c k  en-  
semb le  w h i c h  i s  used  i n  d e t e r m i n i n g  t h e  a v e r a g e ,  h u t  t h e i r  L o r a n  d a t a  
a r e  u s u a l l y  two  o r  t h r e e  weeks b e h i n d .  N o t i c e  t h e  d i s c o n t i n u i t y  i n  R X L  
d u r i n g  A p r i l .  T h i s  t y p e  o f  b r e a k  i s  e a s i l y  i d e n t i f i e d  w i t h  t h e  a c t u a l  
p r o b l e m  c l o c k  i f  t h a t  c l o c k  i s  c o n s t a n t l y  i n t e r c o m p a r e d  w i t h  a t i g h t l y  
bound s y s t e m  o f  c l o c k s ,  as i s  m a i n t a i n e d  f o r  t h e  N o r t h w e s t  P a c i f i c  c h a i n  
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F i g u r e  8 .  

Va 1 ues o b t a  i ned  t h r o u g h  t h e  corr lputed a v e r a g e  o f  LC/9970  
u s i n g  t h e  s a t e l  1 i t e  t i m e  t r a n s f e r s  a t  F i n e g a y a n  ($:, Y )  
a n d  K w a j a l e i n  (Q, PI). A c o n s t a n t  o f  13;"s was s u b t r a c t e d  
from t h e  v a l u e s  o f  R R L .  A c o n s t a n t  o f  2 0 ~ . s  was s u b -  
t r a c t : e d  f r o m  TAO. 

When a l l  e l s e  f a i l s  and  t h e r e  a r e  no  p o r t a h l e  c l o c k  o r  s a t e l l i t e  t i m e  
t r a n s f e r  v a l u e s  a v a i l a b l e ,  t h e  c o u r s e  a  sys tem s h o u l d  be  t a k i n g  c a n  b e  
deduced  b y  an i n t e r c o m p a r i s o n  scheme c a l l e d  r a t e  c o r r e l a t i o n .  T h i s  i s  
s i m p l y  a me thod  w h i c h  says  t h a t  i f  one  c l o c k  changes i n  f r e q u e n c y ,  t h a t  
change s h o u l d  a p p e a r  i n  any  d i f f e r e n c e s  measured  w i t h  r e s p e c t  t o  t h a t  
c l o c k .  F o r  i n s t a n c e ,  i f  one  has t h e  d i f f e r e n c e s  A - B  and  A-C and  A  
changes b y  f i v e  a r t s  i n  1 0 ' 3 ,  both d i f f e r e n c e s  s h o u l d  a l s o  change  by  
f i v e  p a r t s  i n  10'3 whereas  B-C s h o u l d  n o t  e x h i b i t  any changes .  T h i s  
t e c h n i q u e  r e q u i r e s  a t  l e a s t  t h r e e  o s c i l l a t o r s  b u t  u s u a l l y  i s  emp loyed  



w i t h  as many a s  p o s s i b l e .  The method works v e r y  w e l l  i n  t h e  P a c i f i c  
and i s  e a s i l y  capab le  o f  1/2us accu racy .  

I n  F i g u r e  9 ,  Lo ran  d a t a  f o r  t h e  N a t i o n a l  Research L a b o r a t o r y  o f  
M e t r o l o g y  (NRLM) l o c a t e d  i n  Tokyo, Japan, has been s u b t r a c t e d  f r o m  t h a t  
o b t a i n e d  a t  NASA, TAO, and R R L .  A change i n  f requency  i s  c l e a r l y  e v i -  
den t  d u r i n g  J u l y  wh ich  i s  a t t r i b u t e d  t o  NRLM--the s t a t i o n  common t o  a l l  
t h r e e  d i f f e r e n c e s .  
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F i g u r e  9. 

D i f f e r e n c e s  i n  r a t e s  between p a i r s  o f  cesiums can 
d e t e c t  a r a t e  change i n  a  s i n g l e  c l o c k .  



There  a r e  a p p r o x i m a t e l y  21 cesium c l o c k s  m o n i t o r i n g  Loran-C i n  t h e  
Nor thwes t  P a c i f i c .  E leven  o f  t h e s e  cesiums a r e  c u r r e n t l y  i n  t h e  MEAN. 
The r e l a t i o n s h i p  USNO MC - LC/9970 v i a  each s t a t i o n  c o n t r i b u t i n g  t o  t h e  
MEAN i s  p l o t t e d  i n  F i g u r e  10 .  The s c a t t e r  p roduced by t h e s e  d i f f e r e n t  
s i t e s  i s  abou t  0 . 2  t o  0 . 3 ~ ! s .  
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F i g u r e  10. 

S c a t t e r  o f  c l o c k s  used i n  t h e  enserilble d e t e r m i n i n g  t h e  t i m e  
s c a l e  f o r  LC/9970. 

I t  i s  t h e  average o f  t h e  b e t t e r  s t a t i o n s  w h i c h  a r e  used t o  compute t h e  
v a l u e s  p u b l i s h e d  i n  S e r i e s  4. S i n c e  n o t  a l l  s t a t i o n s  r e p o r t  t h e i r  d a t a  
on a d a i l y  b a s i s ,  e v a l u a t i o n  o f  t h e  adop ted  t i m e  s c a l e  i s  c o n t i n u o u s l y  
b e i n g  made as a d d i t i o n a l  d a t a  a r e  r e c e i v e d .  F i n a l  v a l u e s  may d i f f e r  
f r om t h o s e  p u b l i s h e d .  Sometimes r e v i s i o n  o f  S e r i e s  4 v a l u e s  becomes 
necessary  and i s  done a u t o m a t i c a l l y  i f  d i f f e r e n c e s  between computed and 
p u b l i s h e d  v a l u e s  approach 0 .76s .  An example o f  j u s t  such a r e v i s i o n  i s  
g i v e n  i n  F i g u r e  1 1 .  

The i n t e r v a l  f r o m  r o u g h l y  January  t h r o u g h  A p r i l  t h a t  appears i n  F i g u r e  1 
i s  examined more c l o s e l y  i n  F i g u r e  1 1 .  On t h e  l e f t  a r e  t h e  o r i g i n a l  
S e r i e s  4 v a l u e s  ( r e p r e s e n t e d  by t h e  c u r v e  marked w i t h  l a r g e  symbols) 
p l o t t e d  w i t h  t h e  f i n a l  ( n o t  o r i g i n a l )  average.  On t h e  r i g h t  a r e  t h e  
r e v i s e d  S e r i e s  4 v a l u e s  ( a g a i n  l a b e l l e d  w i t h  l a r g e  symbols)  p l o t t e d  w i t h  
t h e  same f i n a l  ave rage .  The d r a s t i c  change i n  S e r i e s  4 v a l u e s  has two 
p r i m a r y  causes:  Cha in  r e c o n f i g u r a t i o n  and i n s u f f i c i e n t  d a t a .  
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F i g u r e  I I .  

O r i g i n a l  v a l u e s  o f  USNO MC - LC/9970 p u b l i s h e d  i n  
S e r i e s  4 a r e  i n  t h e  l e f t  f i g u r e  ( c u r v e  marked w i t h  
l a r g e  symbols) .  The r e v i s e d  v a l u e s  ( a g a i n  marked 
w i t h  l a r g e  symbols)  a r e  i n  t h e  r i g h t  f i g u r e .  The 
secand c u r v e  i n  each f i g u r e  i s  t h e  f i n a l  computed 
average.  

I n  mid-January  an o s c i l l a t o r  change o c c u r r e d .  I t  a p p a r e n t l y  caused a  
d i s c o n t i n u i t y  and a f requency  change i n  t h e  Lo ran  d a t a ,  On 21 Februa ry ,  
a c h a i n  r e c o n f i g u r a t i o n  began- -a t  wh ich  something happened, p roduc ing  
a second d i s c o n t i n u i t y ,  Ano the r  f requency  change o c c u r r e d  i n  e a r l y  
March. Then, a  s t e p  ad jus tmen t  and an a d d i t i o n a l  f requency  change t o o k  
p l a c e  on 1 A p r i l .  D u r i n g  t h e  r e c o n f i g u r a t i o n ,  t h e r e  were no t i m e  t r a n s -  
f e r s  from Finegayan.  K w a j a l e i n  was n o i s y  and d a t a  was n o t  coming i n  on 
a c u r r e n t  b a s i s .  I n  a d d i t i o n  t o  t h e  d e l a y  change a t  t h e  b e g i n n i n g  o f  
t h e  r e c o n f i g u r a t i o n ,  Finegayan Loran-C d a t a  jumped and changed d e l a y  
w i t h i n  t h e  r e c o n f i g u r a t i o n ,  Some m o n i t o r i n g  s i t e s  s topped send ing  i n  
d a t a  a l t o g e t h e r  f o r  a w h i l e !  Hence, S e r i e s  4 had t o  be r e v i s e d  d u r i n g  
t h i s  p e r i o d  w i t h  t h e  f i n a l  r e s u l t  appear ing  as i n  t h e  r i g h t - h a n d  f i g u r e .  
I t  i s  p lanned t h a t  f i n a l  r e v i s e d  S e r i e s  4 v a l u e s  f o r  t h e  e n t i r e  year  
w i l l  be a v a i l a b l e  as p a r t  o f  t h e  annual  Time S e r v i c e  r e p o r t  ( S e r i e s  1 1 ) .  
I n f o r m a t i o n  a l s o  w i l l  i n c l u d e  any r e v i s i o n s  f o r  c h a i n s  o t h e r  than  LC/ 
9970. 

I t  i s  apparen t  t h a t  a  remote Loran-C c h a i n  can b e  k e p t  on t i m e  i f  t h e r e  
i s  an abundance o f  d a t a .  C o n t r o l  p o i n t s  such as  those  f u r n i s h e d  by 
s a t e l l i t e  t i m e  t r a n s f e r s  and p o r t a b l e  c l o c k s  a r e  most  u s e f u l  i n  h e l p i n g  
t o  remove p r e d i c t i o n  and system e r r o r s .  However, c a r e  must be e x e r c i s e d  
i n  u s i n g  t h e  c o n t r o l  p o i n t s  a5 they  themselves a r e  s u b j e c t  t o  e r r o r .  
For  i n s t a n c e ,  week ly  t i m e  t r a n s f e r s  can show s c a t t e r i n g  o f  !0 .3~1s ,  

P o r t a b l e  c l o c k  measurements a l s o  a r e  a f f e c t e d  by v a r i o u s  t ypes  o f  
er rors- -many o f  w h i c h  c o u l d  have gone u n n o t i c e d  i f  t h e  d a t a  were n o t  



c o r r e l a t e d  t o  t h e  Loran-C c h a i n  r e d u c t i o n  p r o c e d u r e s  t h a t  a r e  d e s c r i b e d  
h e r e i n .  A m a j o r  p r o b l e m  w i t h  r e d u c i n g  p o r t a b l e  c l o c k  measurements  t o  
USNO MC i s  how t o  c h a r a c t e r i z e  t h e  p o r t a b l e  c l o c k ' s  p e r f o r m a n c e  d u r i n g  
a t r i p .  Frorr t h e  t i m e  i t  l e a v e s  t h e  O b s e r v a t o r y ,  o r  any o t h e r  con-  
t r o l l e d  e n v i r o n m e n t ,  l i t t l e  i s  known a b o u t  a  c l o c k ' s  o p e r a t i o n  u n t i l  i t  
r e t u r n s  and m o n i t o r i n g  resumes a g a i n .  

The m a j o r  d i f f i c u l t y  i n  t h i s  w o r k  i s  i n s u f f i c i e n t l y  t r a i n e d  p e r s o n n e l .  
Some s p e c i f i c  p rob le rns  a f f e c t i n g  r e m o t e  t i ~ r l e  s c a l e s  a r e :  

1 .  I n s u f f i c i e n t  c l o c k  t r i p s ,  
2 .  I n s u f f i c i e n t  s a t e l l i t e  t i m e  t r a n s f e r s ,  
3 .  L o n g - t e r m  i n t e r r u p t i o n s  o f  s a t e l l i t e  t i m e  

t r a n s f e r s  due  t o  h i g h  p r i o r i t y  m i s s i o n s ,  
4 .  L a c k  o f  o p e r a t i o n a l  Lo ran-C r e c e i v e r s  a t  

D S C S  t e r m i n a l s .  
5 .  I n s u f f i c i e n t  know ledge  o f  p r o p o g a t i o n  d e l a y s ,  
6 .  Skywave c o n t a m i n a t i o n  o f  s i g n a l i ,  
7 .  R e c o n f i g u r a t i o n s ,  
8 .  C o n s t a n t  s t e e r i n g  o f  c e s i u n s ,  and 
9. D e l a y  i n  r e c e i v i n q  T O n i t o r e d  d a t a .  

D e s p i t e  t h e s e  and o t h e r  p rob le rns ,  t h e  Northwest P a c i f i c  c h a i n  i s  k e p t  
w i t h i n  0.51"s o f  t h e  U S N O  MC on a r o u t i n e  bas i s .  
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