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ABSTRACT 

Users o f  t ime and p o l a r  mot ion i n f o rma t i on  have requi rements f o r  
da ta  which a re  somewhat d i f f e r e n t  f rom those u s u a l l y  cons idered f o r  as- 
t ronomica l  da ta  f i l e s .  Because o f  these requirements. i t i s  necessary 
t o  p rov i de  immediate access t o  t he  l a t e s t  i n f o rma t  i on  on Ear th  o r i e n t a -  
t i o n  and even p r e d i c t i o n s  o f  f u t u r e  o r i e n t a t i o n .  For o t he r  a p p l i c a t i o n s  
where da ta  o f  t h e  h i ghes t  accuracy i s  r e q u i r e d  w i t h  l i t t l e  concern f o r  
t h e  de lay  between observa t ions  and t h e  de te rmina t ion  o f  t he  r e q u i r e d  i n -  
fo rmat ion ,  a  more t r a d i t i o n a l  approach may be used. To meet a l l  of 
these needs a  v e r s a t i l e  automated da ta  r e t r i e v a l  system i s  demanded. 
The U. S. Naval 0bservator.y i s  now implementinq such a  system i n  t h e  
area o f  Ear th  o r i e n t a t i o n  i n f o rma t i on  and f o r  p rec i se  t ime  and t ime i n -  
t e r v a l  a p p l i c a t i o n s .  Data are a v a i l a b l e  through a  s e r i e s  of weekly, 
monthly,  and annual r epo r t s ,  as w e l l  as throuqh a  d i a i t a l  communications 
1  ink ,  t o  Time Serv ice  machine-readable f i l e s .  

INTRODUCTION 

The U. S. Naval Observatory  prov ides,  as p a r t  o f  i t s  mission, da ta  
necessary f o r  accurate n a v i a a t i o n  on Ear th  and i n  space. I n  t h i s  con- 
t e x t ,  time, bo th  atomic and astronomical, and p o l a r  mot ion in fo rmat ion  
are e s s e n t i a l .  Astronomical  t ime  (UT1) and p o l a r  mot ion  may be cons i -  
dered as anqles which are r e q u i r e d  t o  s p e c i f y  comp le te ly  t he  o r i e n t a t i o n  
o f  t h e  Ear th  i n  a  q u a s i - i n e r t i a l  r e f e rence  system (Kovalevsky and 
Muel ler ,  1981).  Ast ronomica l  t ime  i s  a  measure o f  t h e  r o t a t i o n  anqle of 
t h e  Ear th  w h i l e  p o l a r  mot ion r e f e r s  t o  the  chanqinq p o s i t i o n  of t he  r o -  
t a t i o n a l  po l e  w i t h  r espec t  t o  t h e  Convent ional  I n t e r n a t i o n a l  O r i g i n  
(CIO) as de f i ned  by adopted s t a t i o n  coord ina tes  and models. Atomic t ime  
de f i ned  by t h e  f requency o f  an enerq,y l e v e l  t r a n s i t i o n  i n  t he  cesium 
atom serves as a  bas i s  f o r  c i v i l  t ime  and p rov ides  a  un i f o rm  t ime s c a l e  
f o r  p r a c t i c a l  a p p l i c a t i o n s .  
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Ear th  o r i e n t a t i o n  i n f o rma t i on  and in tercompar ison o f  t ime sca les may 
be ob ta ined  o n l y  through observa t ions .  I n  t he  case o f  Ear th  o r i e n t a t i o n ,  
observa t ions  are made t o  d e r i v e  t he  necessary angles. Time and frequen- 
c y  measurements a re  made t o  determine accurate t ime  sca l e  data.  The i n -  
f o rma t i on  de r i ved  f rom these observa t ions  and measurements must be pro- 
v ided  t o  users i n  a  manner s u i t a b l e  t o  meet t h e i r  needs. 

DATA CONSIDERATIONS 

The usefu lness o f  da ta  a v a i l a b l e  t o  t h e  user may be charac te r i zed  
by a number o f  parameters.  Amonq these a re  p r e c i s i o n .  accuracy. con- 
s i s tency ,  r e s o l u t i o n .  and a v a i l a b i l i t y .  By p r e c i s i o n  we r e f e r  t o  t h e  
fo rma l  mean e r r o r  o f  the  de te rm ina t i on  as der i ved  from t he  observa t ions  
made d u r i n q  one observ ing  session. E x t e r n a l  p r e c i s i o n  measures the  var- 
i a t i o n s  f rom sess ion t o  session, and i s  numer i ca l l y  est imated us inq  t h e  
r e s i d u a l s  f rom a smooth cu rve  or  t h e  A l l a n  Variance. P r e c i s i o n  i s  mea- 
sured w i t h  respec t  t o  an i n t e r n a l  r e f e rence  system. Accuracy. how- 
ever.  i ncorpora tes  t h e  concept o f  a  "s tandard"  r e f e rence  system. and i s  
used t o  c h a r a c t e r i z e  t he  agreement o f  t he  de r i ved  da ta  w i t h  a  s tandard 
da ta  se t .  Numer ica l l y  t h i s  may be es t imated  us inq  t h e  rms o f  the r e s i -  
dua ls  w i t h  respec t  t o  a  s tandard da ta  se t .  

I n  genera l .  systemat ic  e r r o r s  ma,y e x i s t  i n  t h e  der i ved  data, and i f  
these can be accu ra te l y  es t imated  i t i s  poss i b l e  t o  r e f e r  t he  d a t a  t o  
t h e  s tandard r e f e rence  system. Consis tency r e f e r s  t o  t h e  s t a b i  1  i t y  o f  
t he  systemat ic  e r r o r s  i n  t ime .  A h i q h l y  c o n s i s t e n t  system i s  one i n  
which t h e  s,ystematic e r r o r s  do no t  change over extended per iods  o f  t ime. 
Reso lu t i on  i n  t h i s  con tex t  r e f e r s  t o  how o f t e n  independent est imates o f  
t h e  de r i ved  da ta  are a v a i l a b l e .  High r e s o l u t i o n  imp1 i e s  a r a t h e r  shor t  
observ ing  sess ion i n  o rder  t o  o b t a i n  u s e f u l  da ta .  A v a i l a b i  1  i t y  r e f e r s .  
t o  t h e  t ime  i n t e r v a l  between t h e  end o f  t h e  observ ino sess ion and - the  
t ime  when t h e  de r i ved  da ta  a re  a v a i l a b l e .  Those making use o f  the  de- 
r i v e d  da ta  must eva lua te  t h e i r  needs i n  terms o f  these q u a n t i t i e s  t o  
determine t h e  usefu lness o f  va r ious  p o s s i b l e  se t s  f o r  t h e i r  p a r t i c u l a r  
a p p l i c a t i o n s .  For example, h i qh  accurac.y may have t o  be compromised i n  
f avo r  o f  h i gh  r e s o l u t i o n  o r  immediate ava i  l a b i  1  i t y .  

USER REOlJ IREMENTS 

I d e a l l y ,  i t  would be d e s i r a b l e  t o  have h i q h  accuracy da ta  w i t h  the  
h i qhes t  r e s o l u t i o n  a v a i l a b l e  almost immediate ly  a f t e r  observ inq.  Real- 
i s t i c a l l y .  compromises must be made. Thus i t seems app rop r i a t e  t h a t  r e -  
quirements f o r  t ime  and p o l a r  mot ion i n f o rma t i on  may be c l a s s i f i e d  i n t o  
t h ree  ca teqor ies .  

" H i s t o r i c a l "  da ta  o f  t he  h i q h e s t  u o s s i b l e  accuracy and c o n s i s t e n c . ~  
a re  needed by those enqased i n  s c i e n t i f i c  research and f o r  qeodet ic  pur -  
poses. Whi le i t  may be d e s i r a b l e  t o  have t h e  da ta  as soon as poss ib le ,  
users o f  h i s t o r i c a l  da ta  may n o t  be concerned w i t h  immediate a v a i l a b i l i -  
t y  i f  i t  i s  o n l y  p o s s i b l e  a t  t h e  expense o f  reduced accuracy or c o n s i s t -  
ency. 
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"Current"  d a t a  are r e q u i r e d  by users needinq h i g h  p r e c i s i o n  and a1- 
most immediate ava i  l a b i  1  i ty .  They a re  wi 11 i n g  t o  s a c r i f i c e  t h e  c o n s i s t -  
ency and accuracy o f  t h e  da ta  t o  some ex ten t  i n  o rder  t o  meet t h e i r  need 
f o r  t he  mos,t c u r r e n t  i n f o r m a t i o n  a v a i l a b l e .  Those i nvo l ved  w i t h  nav iga-  
t i o n  f r e q u e n t l y  f i t  i n t o  t h i s  area. 

" Future"  da ta  are r e q u i r e d  f o r  those appl i c a t  i ons  where p r e d i c t  i ons  
are r equ i r ed .  For example, i f  p r e d i c t i o n s  o f  some phenomenon are de- 
manded i n  which t ime  and p o l a r  mot ion p l a y  a  pa r t ,  these users must have 
p ro j ec ted  va lues w i t h  t h e  h i ghes t  p o s s i b l e  p r e c i s i o n  and cons is tency.  

These t h r e e  types o f  user requirements, i n  tu rn ,  demand a  v e r s a t i l e  
system f o r  da ta  r e t r i e v a l .  For t h e  user o f  h i s t o r i c a l  data, r e p o r t s  
issued annua l l y  may be s u f f i c i e n t .  C l e a r l y  t h i s  would n o t  be usefu l  t o  
those who need p r e d i c t i o n s  o f  t ime  and p o l a r  mot ion  updated on an i m e -  
d i a t e  bas is .  

AVAILABLE DATA 

Time and p o l a r  mot ion i n f o rma t i on  are c u r r e n t l y  a v a i l a b l e  from a  
number o f  sources i n c l u d i n q  i n t e r n a t i o n a l  se r v i ces .  The I n t e r n a t i o n a l  
L a t i t u d e  Se rv i ce  ( ILS)  organized i n  1899 has p rov ided  p o l a r  coord ina tes  
s ince  t h a t  t ime .  These have been ob ta ined  us i ng  t he  observa t ions  o f  
f i v e  v i s u a l  z e n i t h  t e l e s c o ~ e s  loca ted  on t h e  p a r a l l e l  o f  3g0 N .  Whi le 
these l o c a t i o n s  have served as t he  d e f i n i t i o n  o f  t h e  C I O ,  t h e  accuracy 
o f  t he  da ta  de r i ved  f rom these observa t ions  has been superseded by  t he  
use o f  more modern techniques and methods. ILS  da ta  are a v a i l a b l e  gen- 
e r a l l y  a f t e r  a  p rocess ing  de l ay  o f  a  few months. 

Since 1962, t h e  I n t e r n a t i o n a l  Po la r  Mot ion Serv ice  ( IPMS) has p ro -  
v ided  p o l a r  coord ina tes  de r i ved  f rom observa t ions  made w i t h  approximate- 
l y  s i x t y  c l a s s i c a l  ast ronomica l  ins t ruments l oca ted  around t he  wor ld .  
These da ta  are a v a i l a b l e  some months a f t e r  t h e  ac tua l  observa t ions .  

The Bureau I n t e r n a t i o n a l  de 1'Heure (BIH)  p rov ides  t ime  i n f o r m a t i o n  
as w e l l  as p o l a r  coord ina tes .  Both ast ronomica l  and atomic t ime  are 
coord inated through t h i s  i n t e r n a t i o n a l  se r v i ce .  The p o l a r  coord ina tes  
are determined makinq use o f  i n f o rma t i on  from t h e  Doppler t r a c k i n g  of 
a r t i f i c i a l  s a t e l l i t e s  as w e l l  as t he  r e s u l t s  f rom a  l a r g e  number of 
c l a s s i c a l  ast ronomica l  ins t ruments.  The da ta  are g e n e r a l l y  a v a i l a b l e  
one t o  two months a f t e r  t he  observa t ions .  

The BIH a l s o  ma in ta ins  a  Rapid Serv ice  which p rov ides  Ear th  o r i e n t -  
a t i o n  i n f o rma t i on  based on t he  observa t ions  o f  a  subset o f  t he  p rev ious-  
l y  mentioned c l a s s i c a l  ins t ruments.  The da ta  are a v a i l a b l e  from one t o  
ten  days f o l l o w i n g  observa t ions  a t  an accurac,y somewhat lower than t h a t  
assoc ia ted w i t h  t h e  r e g u l a r  BIH data.  

I n  a d d i t i o n  t o  these da ta  sets,  a  number o f  independent da ta  se t s  
are a v a i l a b l e  c o n t a i n i n g  da ta  f rom va r i ous  obse rva to r i es .  For example, 
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t h e  U .  S. Naval Observa to ry  has a cont inuous r eco rd  of t he  o f  v a r i a t i o n  
o f  ast ronomica l  l a t i t u d e  a t  Washinqton s i nce  191.5 and UT1-UTC s ince  
1955. .These da ta  are based on observa t ions  made w i t h  a  ~ h o t o q r a p h i c  ze- 
n i t h  tube. S i m i l a r  i n fo rmat ion  i s  a v a i l a b l e  from o the r  observator ies,  
i n c l u d i n g  t h e  Royal Greenwich Observatory,  Par i s ,  Hamburq, Ottawa, and 
Tokyo. Po la r  coord ina tes  de r i ved  f rom t h e  t r a c k i n g  o f  Doppler naviqa- 
t i o n a l  s a t e l l i t e s  are a l s o  a v a i l a b l e  from t h e  U. S. Defense Mapping 
Agency s t a r t i n g  i n  t he  l a t e  1960's.  Recent ly,  modern techniques such as 
l a s e r  r ang ing  t o  a r t i f i c i a l  Ear th  s a t e l l i t e s  and t o  t h e  Moon, and r a d i o  
i n t e r f e rome t r y ,  have p rov ided  a d d i t i o n a l  se ts  based on complete ly  d i f -  
f e r e n t  obse rva t i ona l  methods. Poss ib le  systemat ic  e r r o r s  invo lved  i n  
each o f  these methods remain t o  be i nves t i ga ted ,  bu t  these observa t ions  
show a new promise f o r  increased accuracy and cons is tency .  

For p r e d i c t i o n s  o f  f u t u r e  Ear th  o r i e n t a t i o n  parameters, t h e  U. S. 
Naval Observatory  a lso  p rov ides  r o u t i n e  weekly updated p r e d i c t i o n s  o f  
ast ronomica l  data.  They a re  a v a i l a b l e  through weekly pub1 i c a t i o n s  and 
by means o f  a  d i g i t a l  comnunicat ions l i n k .  Th i s  l a t t e r  se r v i ce  (see 
Time Serv ice  Announcement Se r i es  14, No. 27. 1980) p rov ides  the  l a t e s t  
i n f o rma t i on  a v a i l a b l e  i n  t h e  area o f  p r e c i s e  t ime  and t ime i n t e r v a l  as 
w e l l  as t h e  p r e d i c t i o n s  o f  Ear th  o r i e n t a t i o n .  

SUMMARY OF U. S. NAVAL OBSERVATORY TIME SERVICE DATA 

Appendix A 1 i s t s  t h e  Time Se rv i ce  Pub1 i c a t i o n s  c u r r e n t l y  a v a i l a b l e  
on a weekly. month ly  or  annual bas is .  As ment ioned above. a  d i q i t a l  
communications l i n k  i s  a l so  a v a i l a b l e  f o r  immediate automatic r e t r i e v a l  
of  data. Among some o f  t he  da ta  f i l e s  a v a i l a b l e  throuqh t h i s  se r v i ce  
are t he  notes o f  t he  most r ecen t  Ser ies  4 p u b l i c a t i o n  (see A ~ p e n d i x  A). 
up t o  t h e  l a s t  t e n  Ser ies  5 messaqes, p r e d i c t i o n s  o f  p o l a r  coord inates 
and UTI, and p r e l i m i n a r y  va lues o f  the  d i f f e r e n c e  between t he  Master 
Clock and I!TC((lSNO). A lso inc luded  i n  t h e  apnrox imate l  y  f o r t y  f i  l es  
a v a i l a b l e  a re  qeneral  messages o f  i n t e r e s t  t o  t h e  user as w e l l  as i n -  
f o rma t i on  on t h e  s t a t u s  o f  OMEGA, Loran-C, and GPS. The most recen t  
m o n i t o r i n g  i nfo rmat ion  f rom GPS, OMEGA, Loran-C, TRANSIT, and t e l e v i s i o n  
t i m i n q  i s  a l so  ava i l ab l e .  A t ime  s i g n a l  i s  p rov ided  which can be used 
t o  s e t  a  computer on t ime i f  t he  communications l i n k  i s  c a l l e d  by t h e  
u s e r ' s  c o m ~ u t e r  and an app rop r i a t e  proqram t o  se t  t h e  system c l ock  i s  
a v a i l a b l e .  The p r e c i s i o n  i s  c u r r e n t l y  l i m i t e d  t o  f 10 m i l l i - s e c o n d s .  
The da ta  o f  a l l  these f i l e s  and t ime s i g n a l  are a v a i l a b l e  immediately t o  
t h e  user w i t h  a  s u i t a b l e  computer t e rm ina l .  Thus t h e  d i g i t a l  comun ica-  
t i o n s  l i n k  i s  designed t o  meet t h e  needs o f  those users f o r  immediate 
i n f o rma t i on .  Appendix B con ta i ns  a p a r t i a l  exp l ana t i on  o f  t he  use o f  
t h e  communications l i n k .  Fu r t he r  i n f o rma t i on  can be ob ta ined  by w r i t i n q  
to :  D i r ec to r ,  Time Serv ice  D i v i s i o n .  U. S. Naval Observatory.  Washing- 
ton.  D. C.  20390 U.S.A. 

FUTURE PLANS OF THE U. S. NAVAL OBSERVATORY 

To meet user requi rements t h e  U. S. Naval Observatory  is,  c u r r e n t l y  
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implementing a system o f  ast ronomica l  t ime  and p o l a r  mot ion data based 
on t h e  use o f  c l a s s i c a l  observa t ions  as w e l l  as the  r e s u l t s  a v a i l a b l e  
from t h e  modern techniques (McCarthy. 1981). The l a t t e r  methods i nc l ude  
l ase r  rang ing  t o  t he  Moon and t o  a r t i f i c i a l  s a t e l l i t e s  and t he  connected 
element i n t e r f e rome te r  a t  Green Bank. P r e d i c t i o n s  o f  f u t u r e  Ea r t h  r o t a -  
t i o n  parameters w i l l  be based on t h i s  s e t  o f  data.  It i s  expected t h a t  
a l l  da ta  types ( h i s t o r i c a l ,  cu r ren t ,  and f u t u r e )  w i l l  be a v a i l a b l e  t o  
t h e  user immediate ly  i n  machine-readable form through t he  d i g i t a l  com- 
municat ions l i n k .  The user w i l l  need t o  s p e c i f y  o n l y  t he  da te ( s )  f o r  
which t he  i n f o rma t i on  i s  r e q u i r e d  and t he  da ta  w i l l  be r e t r i e v e d  a lonq  
w i t h  t h e  corresoondinq es t imates  of p r e c i s i o n .  

A l ready e x i s t i n g  f i l e s  d e a l i n q  w i t h  p r e c i s e  t ime and t ime i n t e r v a l  
i n f o rma t i on  w i l l  be expanded as needed t o  s u i t  user requi rements.  For 
example, i t  i s  expected t h a t  t he  c u r r e n t  l i m i t a t i o n  i n  p r e c i s i o n  o f  t he  
t ime s i g n a l  p rov ided  by  t h e  d i g i t a l  communications l i n k  w i l l  soon be im- 
proved t o  meet user needs. 

CONCLUSION 

As f u t u r e  requi rements f o r  t ime  and p o l a r  mot ion i n f o rma t i on  become 
more s t r i n g e n t  both i n  terms o f  accuracy and a v a i l a b i l i t y  i t  w i l l  become 
more impor tan t  t o  assure t h a t  da ta  f i l e s  can be r e t r i e v e d  immediate ly  by 
users. The U. S. Naval Observatory  i s  a l ready  p r o v i d i n g  such a system 
f o r  users  o f  p r e c i s e  t ime  and t ime  i n t e r v a l  i n f o rma t i on  as w e l l  as those 
r e q u i r i n g  p r e d i c t i o n s  o f  Ear th  o r i e n t a t i o n .  It i s  planned t h a t  t h i s  
system w i  11 be expanded t o  meet a l ready  e x i s t i n g  demands as we1 1 as fu- 
t u r e  requi rements.  

APPENDIX A. LIST OF U. S. NAVAL OBSERVATORY TIME SERVICE PIJBLICATIONS 

Ser ies 1 WORLDWIDE PRIMARY TIME and FREQUENCY VLF and HF TRANSMISSIONS. 
Inc ludes  c a l l  siqn, g e o g r a ~ h i c  l o ca t i on ,  f requencies, r a d i a t e d  
power, t imes o f  broadcast,  e tc . ,  o f  r a d i o  t ransmiss ions  s u i t -  
ab l e  f o r  p r e c i s e  t ime  measurement. Contains sec t i ons  p e r t a i n -  
i n g  t o  IJ. S. Navy t ime and f requency t ransmiss ions,  Loran-C, 
OMEGA, Na t i ona l  Bureau o f  Standards (NRS) and o t h e r  t ime  s i q -  
na l s .  ( I ssued  as necessary.)  

Ser ies  4 -- DAILY PHASE VALUES and TIME DIFFERENCES. L i s t s  observed 
ohase anT/Ortimedifferencebetween-Vir, LF. OMEGA. t e  l e v  i - 
sion, p o r t a b l e  c l ock  measurements, ~ o r a n l ~  s t a t i o n s .  and t h e  II. 
S. Naval Observatory  (USNO) master c lock ,  UTC(USNO.MC) . Prop- 
aga t ion  d is tu rbances  and n o t i c e s  o f  i n t e r e s t  f o r  p r e c i s i o n  
t imekeeping are a lso  g iven.  ( Issued weekly. ) 

Ser ies  5 USNO PHASE VALUESITELETYPE MESSAGE. L i s t s  in fo rmat  i o n  des- 
c r i b e d  i n - i % e s 4 a S i t e T o K T a i l a b l e .  TWX messaqe f o r  
U. S. Government addresses o n l y  a f t e r  submission o f  w r i t t e n  
j u s t i f i c a t i o n  t o  t h e  Super in tendent .  
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Ser ies  6 A . l  - UT1 DATA. L i s t s  d a i l y  values o f  p o l a r  coord inates.  co r -  
r e c t i o n - E F  seasonal  v a r i a t i o n ,  and A. 1  -LIT1 as observed a t  
USNO and Naval Observatory  Time Se rv i ce  Substat  i o n  (NOT%), 
Richmond, F l o r i d a .  The ast ronomica l  l a t i t u d e  as observed a t  
each s t a t i o n  i s  a lso  g iven.  ( I ssued  month ly . )  

Ser ies  7 PRELIMINARY TIMES and COORDINATES o f  t h e  POLE. L i s t s  qeneral  
t ime  sca l e  i n 7 ~ m a t i o ~ K ~ ~ o f T ~ - ~ ~ d i c t e d  two weeks 
i n  advance, t h e  ~ u r e a u -  I n t e r n a t i o n a l  de 1'Heure (BIH) va lues 
o f  UT1-IITC and p o l a r  coord ina tes .  Doppler Po la r  Mot ion Ser- 
vice, IPMS and ILS p o l a r  coord ina tes  a re  a lso  l i s t e d  as t hey  
become a v a i l a b l e .  ( I ssued  weekly.  ) 

Ser ies  8 TIMES of COINCIDENCE (NULL) EPHEMERIS TABLES f o r  TELEVISION. 
ATTreSeXTt%e-Z-etables>GpPl i c a b 1 e on T j 7 5 T W a s T - n  q - 
ton, D. C. and KTTV Los Angeles, CA. They may be o f  i n t e r e s t  
i n  c o u n t r i e s  ope ra t i ng  on t h e  NTSC system. ( I ssued  annua l l y ) .  

Ser ies  9 GENERAL INFORMATION f o r  LORAN-C. I n d i v i d u a l  t a b l e s  are issued ---- 
f o r  t h e  master s t a t i o n  o f  each-Loran-C cha in .  ( Issued annual- 
l y . )  

Ser ies  10 ASTRONOMICAL PROGRAMS. Inc ludes  in fo rmat  i o n  p e r t a i n i n q  t o  r e -  
su l ts , - 'cata logs,  T g E r s ,  e tc . ,  concern inq t h e  Photographic Ze- 
n i  t h  Tube (PZT), Dan,ion Ast ro labe,  and Dual-Rate Moon P o s i t  i on  
Camera. ( I ssued  as a v a i l a b l e . )  

F requen t l y  t h i s  i n f o rma t i on  w i l l  be re leased  as a Time Serv ice  
Announcement Ser ies  14. 

Se r i es  11 TIME SERVICE REPORT. L i s t  genera l  t i m i n q  i n f o rma t i on  and t ime 
d i f f e r e n c e s  between coord ina ted  s t a t i o n s  and t h e  UTC t ime sys- 
tem; adopted d i f f e r e n c e s  UT1-UTC and A. 1-IlTl.; UTC(USN0 MEAN) - 
LITC(USN0 MC); IJTC(IJSN0 MC)-IJTC(B1H); ast ronomica l  1  a t  i tude and 
UT1 as observed a t  USNO and NOTSS; p o l a r  coord ina tes  and co r -  
r e c t i o n s  f o r  seasonal and p o l a r  ( l o n q i t u d e )  v a r i a t i o n s .  ( I s -  
sued annua l l y .  ) 

Se r i es  13 PRECISE TIME and TIME INTERVAL PLANNING MEETING, Inc ludes  an- 
nouncement o f  t he  m x t i n q h e l d  eac h e e c e m b f i  Washington, 
D.  C., t h e  c a l l  f o r  papers, and t h e  p r e l i m i n a r y  program. 

Ser ies  14 .. TIME - . --- SERVICE ANNOIJNCEMENTS. I n c  1 udes genera l  i n f o rma t i on  per -  
t a i n i n g  t o  t ime  7lZE%%TZion, measurement, and d isseminat ion.  
( I ssued  as r equ i r ed .  ) 

Ser ies  15 BUREAU INTERNATIONAL de 1 'HEURE CIRCULAR D. L i s t s  Un ive rsa l  
Time and coord ina tes  o f  t h e  pole;  emiss ion t ime o f  t ime s i q -  
na ls ;  Un ive rsa l  Time (Coord inated)  f r om  Loran-C and t e l e v i s i o n  
pu l se  r ecep t i ons  and independent l o c a l  atomic t ime  sca les 
(ATi). Th is  p u b l i c a t i o n  i s  d i s t r i b u t e d  t o  U. S. addresses 
on l y .  ( Issued month ly .  ) 
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Ser ies  16 -- PRECISE TIME TRANSFER REPORT. L i s t s  t h e  t ime  d i f f e r e n c e  
IITWSNOMC)-UTF(referFnCFc lock) ,  ad.justments t o  r e f e rence  
c l ocks  and p o r t a b l e  c l ock  measurements. The t ime d i f f e r e n c e  
i s  ob ta ined  v i a  communication s a t e l l i t e  t ime  t r a n s f e r ,  t e l e -  
v i s i o n  and/or Loran-C recep t i ons .  ( I ssued  each 20 days. ) 

Ser ies 17 TRANSIT SATELLITE REPORT. L i s t s  the  d i f f e r e n c e  UTC (sa te1  - 
l i t e  c ~ o c ~ ~ C ~ S N O M C )  and t h e  f requency o f f s e t  f o r  each 
o f  the  o p e r a t i o n a l  s a t e l l i t e s .  The i n f o rma t i on  pub l i shed  i s  
r ece i ved  from Naval As t r onau t i c s  Group, P t .  Muqu, CA. ( I s -  
sued weekly.  ) 

Ser ies  18 WORLD DATA CENTER-A, ROTATION o f  t h e  EARTH, INFORMATION BUL- 
L i s t s  proposed t T m i  f o r  experiments u t i  1  i z i n g  mod- 

e rn  techniques, such as r a d i o  i n t e r f e r o m e t r y  and l ase r  rang- 
ing .  When ava i l ab l e ,  p r e l i m i n a r y  va lues f o r  p o l a r  mot ion  and 
Un iversa l  t ime  ob ta ined  f rom these techniques are g iven.  
( Issued as a v a i l a b l e .  ) 

NOTES- 
( 1 )  Past issues o f  Ser ies  4 are a v a i l a b l e  on m i c ro f i che .  
(2 )  Ser ies  6 i s  a v a i l a b l e  i n  machine-readable form a t  t he  usual  ex- 

chanqe r a t i o  o f  three-to-one. 

APPENDIX R .  EXPLANATIONS FOR USE OF THE USNO REMOTE DATA ACCESS SYSTEM 

You have a v a i l a b l e  a  number o f  i n f o  se r v i ces  which can be c a l l e d  b,y 
sending a  key sequence as q iven  i n  Table o f  Codes, te rm ina ted  by CR. 
Example: To ge t  Table o f  Codes type  i n  BTCO (and c a r r i a q e  r e t u r n ) .  

Use f u l l  duplex, 300 o r  1200 BALID, even p a r i t y ,  ASCII seven l eve l ,  10 
b i t s  per  charac te r  w i t h  start ,  p a r i t y  and s t op  b i t .  Please no te  t h a t  no 
spaces a re  a1 lowed w i t h i n  t h e  Command Code and t h a t  o n l y  upper case 
charac te rs  w i l l  be accepted f o r  t h a t  purpose. Your messages, however. 
may con ta i n  any ASCII cha rac te r  except,  o f  course, Con t ro l  D (EOT), l i n e  
feed and c a r r i a g e  r e t u r n  which are reserved f o r  t h e i r  r e s p e c t i v e  pur -  
poses. 

You may leave a  message f o r  NAVOBSY whenever you get  t h e  USNO i n f o  
prompt *. Terminate your  c a l l  w i t h  CNTL D (EOT). Th is  i s  impor tan t  t o  
make t h e  program immediate ly  a v a i l a b l e  again. For i n t e r r u p t i n q  a  long  
f i l e  be ing  read t o  you, send "BREAK" (CWTRL 2  on some T I  Terminals) .  
The requested i d e n t i f i c a t i o n  can be o f  any l enq th  s ince  we have a  log -  
f i l e  on which eve ry th i ng  incoming i s  kep t .  

You w i l l  o b t a i n  bes t  r e s u l t s  i f  you do n o t  c a l l  d u r i n q  peak t r a f f i c ,  
i . e . ,  n o t  between 9-12 a.m. and 1:30-5 p.m. EST, u a r t i c u l a r l y  on AIJTO- 
VON. I f  you should get  poor r e s u l t s  ( "garbase" )  t r . y  t o  te rm ina te  and 
c a l l  aqain. L i n e  q u a l i t y  can chanqe q r e a t l y  f rom one c a l l  t o  t he  nex t  
and tends t o  d e t e r i o r a t e  d u r i n q  peak t r a f f i c  t ime.  A lso make sure t h a t  
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your  handset i s  seated f i r m l y  i n  t h e  t e rm ina l  rubber  recep tac les  and 
t h a t  your microphone i s  work inq p r o p e r l y .  D i f f i c u l t i e s  i n  access may be 
cured w i t h  s l i g h t  t r a n s m i t  l e v e l  adjustment on your  t e rm ina l .  Some o f  
our c a l l e r s  have a l s o  n o t i c e d  t h a t  t r o u b l e  ma.y e x i s t  on a  p a r t i c u l a r  ex- 
t ens i on  and i n  t h i s  case i t i s  your  l o c a l  l i n e  which has t o  be checked. 
The Phone Company a l so  o f f e r s  a  "WEAK VOICE" a m p l i f i e r  f o r  l ess  than one 
d o l l a r  per  month which wi 11 boost  your modem l e v e l  t o  compensate f o r  a  
l o ssy  l i n e  t o  your  c e n t r a l  o f f i c e .  L ines  w i t h  too many extens ions a re  
more l i k e l y  t o  be troublesome. S imply  t r y  a  d i f f e r e n t  telephone. 

Since 300BD i s  d i f f e r e n t  i n  respec t  t o  marg ina l  cond i t i ons  compared t o  
1200BD one should t r y  both speeds i f  d i f f i c u l t i e s  p e r s i s t .  I f  you use a  
computer t o  t a l k  t o  us then p lease remember t h a t  our i d e n t i f i c a t i o n  w i l l  
come on au toma t i ca l l y .  However, t h e r e  i s  a  g rea te r  de lay  on 1200BD be- 
f o r e  we s t a r t  t r a n s m i t t i n g  compared t o  300BD. It i s  t h e r e f o r e  n o t  nec- 
essary t o  send i n t e r r u p t s .  Unless sent  as breaks f o r  i n t e r r u p t i n q  
r ead inq  o f  a  long  f i l e ,  these i n t e r r u p t s  w i l l  n o t  speed up your  access 
s i nce  t h e  i n t e r f a c e  i s  i n s e n s i t i v e  t o  i n t e r r u p t s  a f t e r  your  c a l l  has 
been answered. 

Our normal ope ra t i on  uses ECHO. i .e. ,  your t e rm ina l  i n  f u l l  duplex 
w r i t e s  what it ge ts  back f rom us. For c e r t a i n  computer t r a f f i c ,  how- 
ever,  i t may be adv i sab le  t o  t u r n  o f f  t h e  ECHO. Whi le we have t h ree  
dummy (NLILL) charac te rs  a t  300BD t o  a l l o w  slow p r i n t e r s  t o  f o l l o w ,  we do 
n o t  have them a t  12008D. However, t h i s  can be changed by opera to r  com- 
mand. Th is  command changes t he  ope ra t i on  i n t o  i t s  oppos i te  ( bu t  n o t  
back) .  
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