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ABSTRACT 

Department o f  Defense (DoD) D i r e c t i v e  5160.51 o f  
3 1  August 1 9 7 1  s ta tes  t h a t  " A l l  DoD components ... 
r e f e r  t ime and t ime i n t e r v a l  t o  the  standards es- 
tab l i shed  by the  (U.S. Naval) Observatory." To 
o b t a i n  the  requ i red  t r a c e a b i l i t y ,  the  most w ide ly  
used system f o r  t ime d isseminat ion has been the 
nav iga t i ona l  system o f  the U.S. Coast Guard - 
Loran-C. When the o n l y  cha in  a v a i l a b l e  f o r  t iming 
was the  East Coast chain, moni tored b y  the  Obser- 
vatory, there was no problem i n  p u b l i s h i n g  compari- 
sons o f  t h a t  cha in  t o  the  U.S. Naval Observatory 's 
Master Clock (USNO MC) w i t h  a f a i r  degree o f  r e l i -  
ab i  1 i t y .  By 1981, however, t h i r t e e n  chains, cover-  
i n g  a substantial p o r t i o n  o f  the Nor thern Hemi- 
sphere, were i n  use. The quest ion o f  how the t ime 
comparisons were t o  be obtained, the  chains c a l i -  
brated, and the r e s u l t s  pub l i shed f o r  chains no t  
d i r e c t l y  moni tored by  USNO then arose. 

Dur ing t h i s  same period, the  number o f  l i n k s  pe rm i t -  
t i n g  t ime t r a n s f e r s  p o i n t - t o - p o i n t  over  the  Defense 
S a t e l l i t e  Communication System (DSCS) were be ing  ex- 
panded. I n  addi t ion,  a t  some se lec ted  s i tes,  Loran-C 
moni t o r  i ng equipment was i n s t a l  1 ed; 1 t was now pos- 
s i b l e  to have values o f  USNO MC - DSCS Mon i to r i ng  
S i t e  and thus t o  be ab le  t o  determine USNO MC minus 
Loran-C. 

This paper addresses, i n  general terms, the  methods 
used i n  fo rming  t ime scales f o r  d i s t a n t  s i t e s  moni- 
t o r i n g  Loran-C. P a r t i c u l a r  emphasis w i l l  be g iven 
t o  the t ime t r a n s f e r s  ob ta ined v i a  the  DSCS and on 
how the  data p rov ided by t h i s  system i s  used t o  c a l -  
i b r a t e  these remote t ime scales.  The e r r o r s  invo lved 

w i l l  be discussed. 
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INTRODUCTION: Closely  r e l a t e d  t o  the  U.S. Naval Observatory's (NAVOBSY) 
bas ic  miss ion  o f  p r o v i d i n g  astronomical  and t ime da ta  t o  a l l  "who a v a i l  
themselves thereo f "  are the  a d d i t i o n a t  f unc t i ons  imposed by DoD Di rec-  
t i v e  5160.51 o f  3 1  August 1971. The impos i t i on  o f  these func t i ons  r e -  
qu i red  (1) an upgrading o f  t he  Master Clock system, ( 2 )  improvement i n  
d i s t r i b u t i o n  serv ices  and ( 3 )  an expanded means o f  ma in ta in ing  t racea-  
b i  1 i t y  t o  USNO MC, 

The upgrading inc luded such items as purchase o f  a d d i t i o n a l  cesium clocks, 
improved Data A c q u i s i t i o n  and Cont ro l  (DAC) systems - an IBM Ser ies 1 
and a Hewlett-Packard 1000 - i n s t a l l a t i o n  o f  b e t t e r  environmental cham- 
bers and improved a lgor i thms f o r  the format ion of the USNO K C  t ime scale. 
To improve the  d i s t r i b u t i o n  services,  an increased number o f  Time Serv ice 
Announcements were made ava i l ab le .  More than 1000 p ieces o f  ma i l  a re  
now d i s t r i b u t e d  weekly. Th is  ma i l  serv ice  i s  supplemented by telephone 
vo ice  announcements and more recen t l y  ( a l b e i t  on an experimental b a s i s )  
by the  D i g i t a l  Data Access System (1,2). T r a c e a b i l i t y  t o  the USNO MC, 
f o r  the g r e a t e s t  number o f  users, i s  s t i l l  p rov ided by the Loran-C system 
maintained by the U.S. Coast Guard. Dur ing the  pe r iod  1967-1981, NAVOBSY 
expanded the  Loran-C t i m i n g  in fo rmat ion  i t  prov ided t o  the  user  commu- 
n i t y .  From p r o v i d i n g  data o n l y  f o r  the East Coast chain, monitored a t  
NAVOBSY, the  d i f f e r e n c e s  between USNO MC and t h i r t e e n  Loran-C chains a re  
now r o u t i n e l y  publ ished. The body o f  t h i s  paper w i l l  deal w i t h  how these 
d a i l y  r e l a t i o n s h i p s  a re  determined ( i n  p a r t i c u l a r  f o r  the  d i s t a n t  cha ins)  
and how these r e l a t i o n s h i p s  are ca l i b ra ted .  

NAVOBSY PlONlTORlNG SITE:  Present ly  NAVOBSY moni tors  f o u r  Loran-C chains. 
These chains are  the Northeast USA (9960), the Southeast USA (79801, the 
Great Lakes (8970) and the East Coast o f  Canada (5930). The d a i l y  t imes 
o f  recep t ion  from several  rece ive rs  f o r  each o f  the  f o u r  chains are  c o l -  
lected, the  delays subtracted, and the values averaged by the  H P l O O O  DAC: 
This i n fo rma t ion  i s  then publ ished. By us ing  these da ta  and measure- 
ments f rom mon i to r i ng  s i t e s  (Table 1) which c o n t r i b u t e  t o  the  NAVOBSY 
data base, r e l a t i o n s h i p s  between USNO MC and more d i s t a n t  chains are  de- 
termined and publ ished. For example, the U.S. Coast Gyard s t a t i o n  a t  
Cape Racep Newfoundland prov ides the d a i l y  d i f f e r e n c e  between the  East 
Coast o f  Canada (5930) and the  Nor th A t l a n t i c  (7930) chains. By a sim- 
p l e  ca lcu la t ion ,  then, o f  USNO MC - LC/5930 p l u s  LC/5930 - LC/7930 one 
ob ta ins  USNO MC - LC/7930. This  procedure cont inues f o r  o the r  eastern 
cha i ns . 
A d i f f i c u l t y  a r i s e s  i n  t h i s  ' l i n k i n g '  - seasonal e f f e c t s  as l a r g e  as one 
microsecond have been seen i n  propagat ion path de lays a t  NAVOBSY. These 
e f f e c t s  w i l l  be r e f l e c t e d  i n  Loran-C data where ' l i n k i n g '  i s  used. Some 
recent  analyses by Ponger (3 )  o f  the  U.S. Naval Observatory Time Service 
Substat ion (NOTSS) confirmed the  e a r l i e r  propagat ion s tud ies  by Charron 
(4). I n  F igure 1 the d i f f e r e n c e s  USNO NC - NOTSS v i a  the  Southeast USA 
chain a re  p l o t t e d .  It appears t h a t  the NOTSS t ime sca le  changed in  f r e -  
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quency w i t h  respect  to USNO MC. Th is  change, however, i s  decept ive - i t  
i s  n o t  a change i n  the NOTSS t ime scale (which was c a l i b r a t e d  through 
p o r t a b l e  c lock  v i s i t s  d u r i n g  t h i s  pe r iod )  b u t  instead i s  due t o  a change 
i n  the  propagat ion pa th  delay between NAVOBSY and Caro l ina  Beach, NC, a 
t r a n s m i t t i n g  s t a t i o n  o f  the  7980 chain. 

PRECISE TIME REFERENCE STATION (PTRS), accord ing t o  Ref. 5, "by agreement, 
mainta ins a t  l e a s t  one atomic c lock  coord inated w i t h  the NAVOBSY Master 
Clock; i s  l i n k e d  t o  the  NAVOBSY v i a  p o r t a b l e  c lock  and a t  l e a s t  one o the r  
h igh  p r e c i s i o n  t ime t r a n s f e r  technique; can t r a n s f e r  t ime w i t h  a p r e c i -  
s ion  o f  100 nanoseconds...". These s tat ions,  hav ing been es tab l i shed f o r  
t h e i r  own o rgan iza t i ona l  requirements, are a l l  independent o f  one another 
and o f  NAVOBSY. Only by agreement do they t ransmi t  data t o  NAVOBSY. 
Even though NAVOBSY has no o f f i c i a l  c o n t r o l  o f  the opera t ion  o f  these 
s tat ions,  the data received f rom them prov ides another method of pro-  
v i d i n g  comparisons between USNO MC and a Loran-C chain. 
the d a i l y  values o f  USNO PIC - PTRS (as determined by the PTRS) and i t s  
monitored Loran-C data. This  i s  what i s  done f o r  the  West Coast USA 
(9940)  and the West Coast o f  Canada (5990). Frequent po r tab le  c lock  v i s -  
i t s  a re  the  means used t o  c a l i b r a t e  the  PTRS, and thus these Loran-C 
chains. That p o r t a b l e  c lock  v i s i t s  alone are i n s u f f i c i e n t  f o r  c a l i b r a -  
t i o n  may be seen i n  the f a c t  t h a t  d i s c o n t i n u i t i e s  as small as 0.3 m ic ro -  
second and as l a r g e  as 1.5 microseconds have been repor ted  i n  the  Time 
Serv ice Announcements Ser ies 4. The d i s c o n t i n u i t i e s  o r  jumps seen i n  F i -  
gure 2 a re  not due t o  changes o r  d i s c o n t i n u i t i e s  a t  the Loran-C s t a t i o n  
bu t  a re  due t o  undetected frequency changes i n  the PTRS t ime scale.  Since 
both chains are  dependent upon the  same PTRS, any e r r o r  i n  the c a l c u l a -  
t i o n  a t  the  PTRS w i l l  be seen as d i s c o n t i n u i t i e s  i n  both chains. I n  de- 
ve lop ing  the  method o f  remote t ime scale de terminat ion  of Loran-C, a com- 
par ison  o f  the  values as ca l cu la ted  a t  the PTRS (and then publ ished b y  
NAVOBSY) and those values obta ined us ing  the  remote t ime sca le  were ex- 
amined (F igure  3 ) .  As can be seen i n  t h i s  p lo t ,  each jump t h a t  occurred 
in  the  Ser ies 4 data brought the values o f  USNO PC - LC/9940 (as pub- 
l i s h e d )  i n t o  agreement w i t h  those obta ined us ing  the  t ime scale method. 

NAVOBSY adopts 

REMOTE TIME SCALES: Far ther  west, g rea ter  d i f f i c u l t i e s  a re  encountered 
i n  determin ing d a i l y  va lues o f  USNO MC - Loran-C chains, namely, the Cen- 
t r a l  P a c i f i c  (4990), the  Gu l f  o f  Alaska (7960), the Nor thern P a c i f i c  
(9990)  and the Northwest P a c i f i c  (9970) .  Dependence upon a PTRS, C a l i -  
b ra ted  through frequent po r tab le  c lock  v i s i t s ,  i s  no t  p r a c t i c a l .  The 
d is tance and r e s u l t i n g  cos ts  may a l l o w  on ly  year ly  t r i p s .  The method now 
used t o  o b t a i n  va lues f o r  these chains - t o  a g rea ter  o r  lesser  degree - 
cons is t s  of  forming a t ime sca le  f o r  each Loran-C chain us ing  the  average 
o f  a number o f  atomic c locks  which w i l l  be more un i fo rm and s t a b l e  than 
any c lock  c o n t r i b u t i n g  t o  the  time scale.  

To implement t h i s  approach f o r  a p a r t i c u l a r  chain, a search i s  made o f  
the p e r t i n e n t  data bases (Table 2 )  t o  l oca te  the requ i red  data which in -  
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cludes approximately 18 months of daily Loran-C measurements from as many 
monitoring sites as possible and several portable clock measurements made 
at the different sites at different times during that period. 

From these data, a delay (sum of delays from propagation path, receiver, 
antenna, etc) is determined for each site. 
then gives values of USNO MC - Site for all sites, The measurement, 
Site - Loran-C, minus appropriate delay are added to the USNO MC - Site 
values. This allows one to obtain a comparison of USNO b1C - Loran-C via 
each site. These individual values are then averaged to form a MEAN and 
the difference between the individual values and the MEAN is calculated. 
As necessary, new series of straight lines are determined so that the f n -  
dividual values of USNO MC - Loran-C agree with the MEAN to within some 
specified tolerance. Values of USNO MC minus each Site are calculated 
using the MEAN value of USNO MC - Loran-C. These values must agree with 
the values obtained by portable clock measurements. In this reiterative 
process, it is assumed (a) that the cesiums used for measurements are 
'free-running', that is, that none are, for example, steered to follow 
the published values of Loran-C and (b) that cesiums will not spontane- 
ously change, b y  the same amount, in time and/or frequency simultaneous- 
1Y. 

A series of straight lines 

Once a time scale Is formed for an individual chain, a great deal of 
judgement must be exercised in continuing the process. 
with respect to what must be decided (rate correlation)? Did a cesium at 
a particular monitoring site change frequency? 
Were some adjusted, replaced or removed? These are recurring questions 
and must be dealt with as each new piece of information is received. Cur- 
rent data from more than one site are always needed but seldom obtained. 
The continued accuracy of the chain is maintained b y  reliance upon the 
occasional clock trip and time transfers from OSCS terminals. 

What has changed 

Did one or more fail? 

DEFENSE SATELLITE COMMUNICATION SYSTEM (DSCS): Thus far, the only means 
of calibrating the Loran-C chains mentioned has been portable clock visits 
to some monitoring sltes. However, the trips are infrequent, costly and 
the measurements made are also subject to error. Examples include incor- 
rect identification of site, of cesium/measured reference, of date/time, 
and/or start/stop pulse. In addition, during the trip, changes of the 
portable clock in time and/or frequency with respect to USNO KC are not 
uncommon. In Figure 4, values of USNO MC minus PC1368 as collected b y  
the DAC before and after a portable clock trip are plotted. If an ex- 
trapolation o f  the frequency offset was used in determining USNO MC rni- 
nus - Site during the trip, an error as large as 0.300 microsecond could 
have resu 1 ted. 

A second means of calibration is possible by use of the DSCS. By the mid- 
1970'5, time transfers between earth terminals were being regularly per- 
formed. The differences between the cesiums at each terminal, as deter- 
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mined f rom t h e  t ime t rans fers ,  were r e g u l a r l y  t r a n s m i t t e d  v i a  t e l e t y p e  t o  
NAVOBSY and became p a r t  o f  a da ta  base. (Reference 6 d e t a i l s  the  proce-  
dures used i n  p rocess ing  these data. )  Some t e r m i n a l s  were e i t h e r  moni-  
t o r i n g  Loran-C o r  had a connect ion  v i a  c a b l e / p o r t a b l e  c l o c k  t o  a m o n i t o r -  
i n g  s i t e  ( F i g u r e  5 ) .  Such was t h e  case a t  Elmendorf AF6, AK. 

P r i o r  t o  1979, t h e  Prec ise  Measurement E l e c t r o n i c s  Labora tory  (PMEL) a t  
Elmendorf AFB a c t e d  as a PTRS, descr ibed e a r l i e r ,  f o r  the  Nor thern  Paci -  
f i c  (9990) chain.  (Data f o r  t h e  unt imed G u l f  o f  Alaska (7960), a l though 
moni tored by PMEL, was n o t  used by NAVOBSY,) Transmi t ted  t o  NAVOBSY were 
( a )  t h e  d a i l y  measures o f  t h e  LC/9990 and t h e  LC/7960 chains, ( b )  the  
d a i l y  in tercompar isons o f  o n - s i t e  cesiums and ( c )  t h e  weekly p o r t a b l e  
c l o c k  measurements between PMEL and t h e  s a t e l l i t e  t e r m i n a l  (ELM). 

A t  t h e  same t ime NAVOBSY a l s o  rece ived the t ime t r a n s f e r  da ta  between t h e  
Elmendorf (ELM) s a t e l l i t e  t e r m i n a l  and the  F t ,  Det r i ck ,  Md (FDS) t e r m i -  
na l .  One, there fore ,  had 

USNO MC - FDS v i a  TV l i n e  10 
+ FDS - ELF4 v i a  t i m e  t r a n s f e r  - PMEL - ELN v i a  p o r t a b l e  c l o c k  v i s i t s  

USNO MC - PMEL 
By add ing  t h e  o n - s i t e  in tercompar isons t o  t h i s  value, a r e l a t i o n s h i p  be-  
tween USNO F1C and a ? ?  o f  the  o n - s i t e  cesiums was obta ined.  

A t i m e  scale, as descr ibed e a r l i e r ,  was formed f o r  each PFlEL cesium and 
an averaged va lue  o f  USNO MC - LC/9990 and USNO MC - LC/7960 was c a l c u -  
la ted .  I t  was noted  t h a t  t h e  averaged d e t e r m i n a t i o n  o f  USNO F!C - LC/9990 
n o t  o n l y  d i d  n o t  agree i n  t i m e  b u t  t h a t  the  f requeny o f f s e t  d i f f e r e d  ( F i -  
gure 6 ) .  I t  was dec ided t h a t  p u b l i c a t i o n  o f  da ta  f o r  t h i s  c h a i n  would be 
suspended t e m p o r a r i l y  and t h a t  a p o r t a b l e  c l o c k  team knowledgable i n  
Loran-C o p e r a t i o n s  would v i s i t  Elmendorf AFB as soon as p o s s i b l e .  The 
t r i p  was made i n  December 1978. A thorough examinat ion o f  s i t e s  a t  PKEL 
and ELM and a l s o  a t  a NASA s i t e  i n  Fairbanks, AK was made. Delays i n  t h e  
m o n i t o r i n g  systems were c a l i b r a t e d .  I t  was found t h a t  t h e  Loran-C d e t e r -  
m i n a t i o n s  v i a  t h e  t ime scale, c a l i b r a t e d  by u s i n g  t h e  weekly DSCS t ime 
t rans fers ,  were accurate.  Since then, the  va lues  pub l ished i n  Time Ser- 
v i c e  Announcement S e r i e s  4 have been determined i n  t h i s  manner. I n  a d d i -  
t ion,  t h e  7960 c h a i n  was s e t  on t i m e  and p u b l i c a t i o n  o f  USMO FpfC - LC/7960 
began. In  F igure  7, the  va lues  determined u s i n g  the  t ime s c a l e  a r e  p l o t -  
ted. The DSCS t ime t r a n s f e r s ,  used as c a l i b r a t i o n  points,  a l s o  a r e  seen. 
The d i f f e r e n c e s  between USNO MC and t h e  cesiums a t  t h e  PHEL, c a l c u l a t e d  
v i a  t h e  remote t i m e  s c a l e  and a recent  p o r t a b l e  c l o c k  measurement, agreed 
t o  w i t h i n  0,090 microsecond. 

The combinat ion o f  remote t ime s c a l e s  and t ime t r a n s f e r s  i s  a very  use- 
f u l  t o o l .  Besides b e i n g  r o u t i n e l y  used i n  Alaska f o r  t h e  9990 and 7960 
chains, i t  i s  a l s o  now used f o r  the  9970 c h a i n  and to  some degree f o r  t h e  
4990 chain.  
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I n  determin ing the  f e a s i b i l i t y  o f  t h i s  method f o r  Loran-C t i m i n g  and f o r  
poss ib le  f u r t h e r  appl icat ions,  a t ime sca le  a l s o  was formed f o r  the 9940 
chain. The MEAN, o r  averaged value, o f  USNO NC - LC/9940 was used t o  de- 
termine the r e l a t i o n s h i p  between NAVOBSY and the Nat ional  Bureau o f  Stan- 
dards (NBS) .  
t ime scale, (b )  po r tab le  c lock  measurements, ( c )  DSCS t ime t r a n s f e r s  and 
(d )  Bureau ln te rna t i oan  de l 'Heure ( B t H )  are p lo t ted .  I t appears t h a t  
there i s  some seasonal e f f e c t  on the order  o f  0.5 microsecond i n  the v a l -  
ues obta ined us ing  the  B I H  C i r c u l a r  D data. 

I n  F igure 8 ,  values o f  USNO FlC - NBS v i a  (a)  9940 Loran-C 

CONCLUSIONS: Each method o f  determin ing the r e l a t i o n s h i p s  between USNO MC 
and Loran-C and each method o f  c a l i b r a t i n g  t h a t  r e l a t i o n s h i p  i s  sub jec t  
t o  poss ib le  e r r o r .  Dependence upon one data point ,  whether i t  be a por-  
t ab le  c lock  measurement, a DSCS t ime t r a n s f e r  o r  a Loran-C measurement, 
can r e s u l t  n erroneous conclusions. I n  F igure 9, a means o f  r e l a t i n g  
Loran-C cha ns t o  each o the r  and USNO VC through DSCS te rmina ls  and some 
s t r a t e g i c a l  y loca ted  mon i to r i ng  s t a t i o n s  (nodal p o i n t s )  can be seen. 
The expansion and s t rengthen ing  o f  the r e l a t i o n s h i p s  shown can o n l y  serve 
to improve t r a c e a b i l i t y  t o  USNO MC f o r  those users of Loran-C. 

More ex tens ive  use o f  remote t ime scales and grea ter  c o r r e l a t i o n  o f  the 
in fo rmat ion  conta ined i n  the da ta  bases make poss ib le :  

B e t t e r  determinat ions o f  USNO MC - Loran-C and 
thus b e t t e r  wor ld-wide synchron iza t ion  f o r  those 
users o f  Loran-C 
Be t te r  determinat ion o f  t ime and/or frequency 
changes i n  the cesiums a t  d i s t a n t  s i t e s .  I t  i s  
poss ib le  t o  reso lve  ambigu i t ies  i n  data. Use o f  
remote t ime scales prov ides in format ion necess- 
a r y  t o  respond q u i c k l y  t o  requirements f o r  cesium 
adjustments a t  DSCS terminals .  
Improvements i n  t o t a l  de lay determinat ions.  
Some mon i to r i ng  o f  po r tab le  c lock  behavior i n  the  
f i e l d .  
Fur ther  s tud ies  o f  seasonal and annual terms i n  
propagat ion pa th  delays. 
Fur ther  s tud ies  o f  the r e l a t i o n s h i p s  between i n -  
t e rna t i ona l  t ime scales (USNO, NBS, BIH, e t c ) .  
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TABLE 1 

REPRESENTAT I VE SAMPLE o f  MON I TOR I NG STAT I ONS 

7 9 7 0  
NORWEG I AN SEA 

7980 
SOUTHEAST USA 

7 9 9 0  
RED I TERRANEAN SEA 

OP FRANCE Pi AVO B SY OP FRANCE 
HP SWiTZERLAND NOTSS RICHMOND, F L  HP SW I TZERLAND 
ON SbJ I TZERLAND AGMC NEWARK AFS, OH ON SW I TZERLAND 
NPL ENGLAND W11 I TE SANDS El I SS I L E  I E N  I T A L Y  
RGO ENGLAND RANGE, NM RGO ENGLAND 
NAVSECGRU SCOTLAND NAVSECGRU I T A L Y  

8 9 7 0  
GREAT LAKES 

NAVOBSY 

9 9 6 0  
NORTHEAST USA 

9990 
NORTH PAC I F I C 

NAVOBSY PMEL ELFiENDORF 
NOTSS R I CHF’OND, F L  RASA FA I RBAN KS 
AGMC NEWARK AFS, OH SHEfvlYA AFB, AK 
NB S BOIJLDER, CO aDSCS ELMENDORF 

:k I ND I RECT NEASURE 

TABLE 2 

U.S. NAVAL OBSERVATORY CATA BASES 

1NTERCOE:PARISONS OF CESIUM CLOCKS NAVOBSY T I  !!E SCALES 

OMEGA ME A SU R EM EN T S SATELL I TE T I bl  I NG 1 NFOR- 
MAT I ON (DSCS, TRANS I T )  

LORAN-C MEASUREMENTS U T C ( B 1 H )  - U T C ( i )  

REMOTE T I M E  SCALES FOR MONITOR- 
ING S I T E S  

EARTH OR I ENTAT I ON PARAHE- 
TERS (UT1, POLAR C O -  
ORD I NATES) 

PORTABLE CLOCK REDUCTIONS ASTRONONI GAL OBSERVAT 1 ONS 
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................. 

20 40 60 80 100 128 14U 

Days s i n c e  15 November 1980 

FIGURE 1 

COMPAR I SON 
via, 7980 

OF USNO MC - 
Loran-C 

NOTSS 

The change o f  approximately 0.4 microsecond seen in 
this figure from Reference 3 is not due to changes 
in the time scale at NOTSS but, rather, i s  due to the 
seasonal effect on the propagation path delay between 
USNO and the transmitting station of the 7980 chain. 
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USNClMC - 99'40 RND 5990 
UIO U F  u p  .1oJ u!Yl .IyD *pf q?a *nQ um m8E4 e 1- 10.0 ...................... ............................................. 
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-2 0 
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v o  
-5.0 

1980 1981 

d 

1980 1981 

FIGURE 2 

These are the published Series 4 values for the 9940 (darker trace) and 
the 5990 chains. The discontinuities (marked by arrows) seen in both 
chains occur after portable clock calibrations of the PTRS which deter- 
mine the values for these chains. 

6.0 

5.0 

4.0 

3.0 

2.0 
1.0 

0.0 

-1.0 

-2.0 us -3.0 
4.0 

-5.0 

-6.0 

-7.0 

-8.0 

-9.0 

-10.0 

-11.0 

-12.0 

t 
T 

5.0 

a. 0 

3.0 

2-0 

1.0 

6.b 

-1.L' 

-2.0 

-3. L' 
4.U 

-5.0 

6. U 

-7.6 

-8.0 

-9.0 

-10.0 

-11.0 

The heavy tracing i s  composed of the averaged vaTues obtained using the 
time scale reduction method. The second trace consists o f  the values 
which were published in Series 4 obtained using the PTRS procedure. The 
discontinuities, maked with an arrow, are the results of portable clock 
calibrations at the PTRS. Note that after each discontinuity, the 
Series 4 values become co-incident with the time scale values. 
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FIGURE 4 

COMPARISON: USNO MC - PC1368 
T r i p  o f  13 July - 10 August 1 9 8 1  

The DAC system c o l l e c t e d  these data be fore  and a f t e r  a re -  
cent  por tab le  clock t r i p .  Time and/or frequency change(s) 
occurred: such changes a r e  not uncommon. 

21 1 
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FIGURE 5 

HIERARCHY OF TIME TRANSFERS PERFORMED BY THE DSCS TERMINALS 
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WOMERA, AUSTRAL I A 
KWAJALE I N, MI  
SHEMYA, AK 
DIEGO GARCIA 

U.S. NAVAL OBSERVATORY MASTER CLOCK 
NAVAL OBSERVATORY T IME SERVICE SUBSTATION, RICHMOND, FL 
PRECl SE MEASUREMENT ELECTRON1 C LABORATORY, ELMENDORF AFB, AK 
CHANNEL 5 WTTG WASHINGTON, D.C. 
LORAN-C CHAINS 
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FIGURE 6 

The t race  label led,  A, i s  the d i f f e r e n c e  between 
values determined a PTRS (Trace B) and those ob- 
t a ined  f rom the  t ime scale method (Trace C). 
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F I N  
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RELATIONSHIPS: USNO, LORAN-C, DSCS 

FIGURE 9 

DSCS TERM I NALS 
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CP U.S. COAST GUARD, CAPE RACE, 
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EJDE U.S. COAST GUARD, EJDE, 

FAEROE IS .  
OP PAR i S OBSERVATORY, PAR I S, 

FRANCE 
HP PTRS - HEWLETT-PACKARD CO. 

GENEVA, SWITZERLAND 

USNO U.S. NAVAL OBSERVATORY, WASHINGTON, D.C. 
NOTSS NAVAL OBSERVATORY T IME SERVICE SUBSTATION, RICHMOND, FL 
TV C h a n n e l  5, WTTG WASHINGTON, D.C. 
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